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A.BËTR*.CT

Tn J]J6 a Laboratory study was lnitiated., at the

university of Manltoba, to asoertaln the effects of barn

manure anci aumonium phosphate fertilizers, croB rotations,
tíllage and orop resid.ue management practices on soil
structure. Bulk density and aggregation measurements

were used to evaluate soil structure.
The resul-ts indicate that soiL structure improved

with the ad.d.ition of barn manure, and. with the applica-
tion of srnmonirrm phosphate, except where the crop resid.ues

were burned. Grass, alfalfa, and, grass-alfalfa mixtures
sown on soil, prevS.ously in crop prod.uction - increased.

aggregation. The tillage operatlons and. burning hacl a

iletrimental effect on soil structure, especially within
the surface layer.

..,,',

i '.:



I. TNTRODUCIÎON

FieLd experiments have been used. by soÍJ' scienüists
for over a hundred years üo ascertain the effect of fertf-
llzer treatments, croppÍng systems, and management

practices on soil fertillty and. crop yielcls. Comparatlve-

1y reoèntly scientists have begun to stuily the effect of
these treatments and practices on the physical properties

of soi1.

Structural changes that take place in sotL are rela-
tively slow anil stuilies of such modlfioati.ons are best

conducted on well- estabLlshed. experiments ln order to
obtaln a complete plcture of the changes occurring as a
resu1tofvarioustreatmentsand'praotioes.TheSoi].Scienee
Department, universi.ty of $Ianltoba has been cond.ueting

several long term experl-ments to study the effect of various

fertillzer treatments, eropping systems¡ anil management

practlces on soil ferüility ancL eroB yleldso The first
experlments were lnltiated in 1919. ïn 1!J6, the present

study was und.ertaken to measure the effect of ühese treat-
ments and practices on the str¡reture of a fine textured,

soi]..

fh¡o methocis were adopted for the evaluation of, Éoil
structure. First, the measurement of soiÌ aggregation

and. seooncl, the d.etermiaation of bu]-k density.



IT. RETTEIU OT' TJîERÅST]RE

å.. ÐEEtIfIfltON OF SOIL SBUCÍ|UR3

Sotl structrre bas been åefined ln several ways.

Baver (tl) ctefines soll struoture as the arrangement of soil,

partloles. fhe worcl. npartleJ-eil refers noü only to the

lndlvlôuaI meoha¡1eal elements but aLeo to the aggregates or

structr¡ral elemeats, whloh have fornecl by the aggregatlon of
the meehanlcal- fraetions. Pege (tt0) states that Bavertg

deflnltton nay be satlsfactory from the pedologteal. poinü of

v5.ew, but ln üerms of B1ant growth 1t ls lnaclequate. Page

(40), therefore, d.esorfbes soll struetr¡re as neanlng the

extent to which soll ls aggregated. He d.efines nan aggregater

as a eluster of soÍL partlcles held together looseJ,y buü wlth

suffieienü strength so that 1t behaves in the soil as a unlt.
Íbe ideal- slzedl aggregates, aooorcllng üo Page (qO) are ones

betweea a quarter of a nllLlneter ancl. flve nllltneters ln
dlaneter anô havl.ng at Least a moderate degree of süablllty
even when saturatecl. A neview of ],lterature also ind.icates

that the tern nsoll strr¡oturen ancl naggregatLonn have been

used. lnûerohangeably by nany soll seientlets.

lb'e stablüüy of sÊruoture refers to the reslstanoe

that Ëhe solL aggregates offer to the dlslntegratlng laflueneeg

of water, wlnrtlr ard meobanlcal- nanipulatlon, lfhe Bhysioal

eharacüerlstlcs of ühe soll may be elther favourable or un-

favourable clependlng upon the arrangement, size, anô stablllty
of these aggfegates.
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B. GENMTS OF SOIT STRUCSI'RB

flre geaesis of soil struoture refers to the oauses

and. method.s sf fomatlon of aggfegates. page (t{O) suggestE

ühat soll struoüure fornation may be broken d.own lato two
phases: (1) üb.e aotual forratlon of aggregates (i.e. the
grouplng of parËieles into aggregates); anet (a) the stabl-
llzatlon of these strueür¡ral uniüs.

1. Fomatlon

llb,e meshanlsms whleh have been proposed. by page (tÐ)

fo expraln the fornatlon of aggregates in the soil, arss
(1) the tllreot effeat of llvlng nioro-organlsms; (a) tho
eementing or eaeaBsuJ.atlng actf.on anê the adsorBüion sf
organS.c nateriaLs (epns, reslns¡ and wares) ¡ aacL (¡l tbe
ooherlng, enolostng, and brldgtag acülon of clay Barüieles.

Several workers (I1, 54, 15, 3,6, B, Ffl have found

ühat ühe blnôlng quallty of the soil mioro-ørganlsns ancl the
by-producüs of ùhelr aotlvlty eontributed to solr aggregatlon.
Martln anj. llaksnan ll;61 reporËed. that Ëhe extent that the
blnriling of soll partlcres by nlcro-organlsms was ctepend.ent

uBons (a) the uatr¡re of the miero-organisms; (b) the number

of organlsms (as oontrolledl by environmental oonditlons);
and (e) the natr¡re of the d.eoomBosable naterial.

IGeoth ancl Page (rO) reported. that wlth th.e use of an

elseüron mloroscope ao evid,enee of coatlng or eapsullng of
miclo-aggregates by organle matter was fotnel. Chester g!, gI,.
(11I andl Rennle gE ài;" (46) suggestect thaü uacleoomposed,

-ffiw
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organie natter had only a mlnor effeet on aggregate formation
but that gpns, resf.ns, anel wares formed from mlerobf.al

eleoonBosltlsn of organlo natüer greatry Lnereasecl aggregate 
,iì:j,.,.:

fornatf.on. AoosrclLng to Page (t+0) colloltlal organle Go&- ,,,,;:,,r,

pound,s uay play two lmportant roles in soiL aggregate

forratlon¡ (a) by weakenlng the potentlally strong ooheslve

boncls betweea elay BartLoles, thus pernltttng thelr formation u,ri,i*
i::'::r,,:ints aggregates ¡ aad. (u) by linkiag the e]-ay Bartieles to- 
,.i,,,.,,,,,

gether througb mr¡tual- adsorpt!.on of suoh eompound.s by two or 11''¡.;'-."'

nore clay Bartieles to for"n aggregateso

0f ühe meehanÍsms of aggregate fornatf.oa, that lavolv-
1agthee1ayfraot1onaBI'earstobethemostÍmBortant.
Page (t+o) has suggested. tbree ways in whieh eJ.ay partioles
are thougbû to be helô together ¡ ( a) thklng wlth water 

i

l

ðlpores or by brtclgtng wlth cllvalent absorbed eations 
'

(U) by brldglng or tylng together wlth certala,t¡pes of
poJ.ar long-ehaf.n orgaalc molecules; and (c) by oross brfclgfng
'8nd sharlng of lntererystal-LLne loalc foroes anð lnteraetlons 

't,',,',,t,:ìi:l::l:.: -::of exchangeable oatlons beüween orlenteei. olay Blates. :i-::r.:i,;,

Page (4O) has stated thaü the J.inkage of water rllpoles
on the olay parüloles may be lmportaat und,er solet eontilltloas,

.:--:.-
buü not und.er dlry eonclltlons. Ee suspeetecl tbat water may be 

i

actlve ln oar¡slag orientatl.sn of acl.Jaoent elay parùieres aE

Èhey are drl-edl out.

Kroth and Page (r0) aael Martln (¡4) have ladleated
that the brld,glng or tylng together of clay partleJ,es wltb :,.::.,,.,
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oertain long-ehaf.n organie oomBounds ls of greaü importanee

ln e].ay solls. Page (ttO) reBorteô übat there ls evidenoe to
shou that many organio eompoundls ean be sËrongly ad.sorbed. by

clays aacl that they eoul,ð serve as oementlag or blndlng agents

üo hord so1l particJ,es together eltber by hyttrogen boncling or
ðlreot brlctglng. aeoordlng ts peterson (lt4), srd.ers (55) anct

wlnterkora (66) one meohanlsm of graaulatlon may be sone type

of orieatecl ad.sorptlon or complex llnkage of organle noLe-

oules wlüh the olay partlele tbat are stablLlzeel by subsequent

debydlratLon.

lbe strongest oohesive forees operating ln the soil are
probably tbose erlstlng between oJ.ay partloles thenselves,
where a blgb clegree sf srientatloa or eontaot exf.sts betueen

atlJaeenü olay partloles (4O). Aecord.lng üo Fage (tþ) these

lntercrysüaLiine forees are at thelr maxlmr¡n when the cray
partloles are in eLoseet eontaot aaci. have a prefemecl orLenta-
tlon, so Èhat ühe nrrmber of polnts of eontaet aE weLl, as the
area of eontaot are both J.arge. Ptrdilllag of olay solls
favonrs suoh orlentaü1on and. the pleees, resurtlng after
pudd.led. elays are rlrled are very strong and, ooherent.

aggregates resulting fron tlrylng of rllspersedl elay soils are

usually nuoh stronger than-those fron flocaulated clay soils,
slnce ln fLoeculaüion the tencl,eney ls for ranelom orientatloa,
1. eo the nr¡nber and. ar€a of polnüs of contaet of the atlJacent

eJ-ay partlcles are sa,all. Page (t{O} aLso reportecl that both

tr1-, anô H+ lons ancl many Borar organlo noreeules procluce
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floooulatlou,. Ee eor.eLuded ühat most elay solls are arreaêy

floeeuLated and. that changes oeeuruLng in sotl- strueture are

not primarlly changes ln d,egree of fLoeouLatlon but rather la
clegree of expressloa of oohesive forses between alrearty .,.,..-,.'

fLooeuLateð olay partloJ.es. Thus, lf sof.ls are in a dis-
persecl staüe, flooeulatlon ls essential for aggregate foma-
tlsn but, lf they are pucLðLecl., fragneatatiou into small-er :,'''

i:: 
r.::r::':

unlts f.s essentlaL for aggregate fornatioa. 
,, .,.

rhe fragnentatloa of rarge soll r¡afts into aggregates ''r''1''¡:'

of favourable sf.ze or the orrmplng together of soil partloles
to form aggregates separate from aerjaeent nasses of Eoir¡ has

beensuggestedbyPa8e('{o)tobebroughtaboutbysueh
agenoies as: smarl anLnaLs, tllrage proeesses, cllmatio
faotors, ancl growth of plant roots. page (l{O) indieaÈed ühat

the aetton of snall, anlmaLs, Bartleularly earthwoms eorrld

@auss aggregate foraation. flhe üilLage Brooesses could. elüber
f.norease or dleerease solr aggregatlon d,epenôing upon the sofL :,.::..:

i'.,.,..::Jeondlltlon ancl on the anount of üillage (ll) . The varLous ,a,,r,,,,,,',,

t11Lage proeesses are Lmportanü beeause they expose large lr,l;:
.:i

masses of soll to the various olrrnatle forces whleh oourd

oause fragnentation of the large soll nasses lnto more favour-
.l

able aggregate slze. However, tltlage sf a wet so1l (Ba¡tl- i.iril
cu1arIyacIayso11)o3ex@ess1vetiJ.1ageofasandyso11cou1ct
produoe aa unfavor¡rable struoturecl soil (4). Baver (4) aad

Page (t{O) have suggested that suoh ollmatl,o factors as wettlng
and drying üend. to prod.uce aggregates beeause of uneqtral. ., ..:
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sürains and. stresses seü up by swelllng and. shrlnklng

Broeesses, together witb the tllsrrrptlve aotlon of alr
entrapped. 1a the pores. tbey have also indlcatedt that fpeez-

lng and. thawlng oouLcl oause extreme looallzed. clesslcatÍon

ancl rooallzed pressures whlob cor¡l-ct eause Ëhe soll to break

up into smaLler unlts. Page (t+0) ancl Low ße,l have fsuncl. a

direot relaËLonshlp between strr¡eture and, root d,evelopmenË.

[bere appeared, to be ao satisfaaÈory explanatf.on as to the

exaeÈ nature of the rooü effeots, but 1t nay be a combinatloa

of several factors. ïIlsalewskl g[ g!. (6gl found that roots
were respoaslbJ-e for blndtLng sorno of the smalLer aggregates

lnto Larger aggregates. Petersoa (t+¡l reporteer that root
ereretlons may have sone fLooculatlng or eeneaËLng effeeÈ

ôn solI partieres. Baver (4) andl Page (40) have su,ggesteer.

übat growing rootE separate and. compress snaIl elumps of
solrr Gause shrinking and oraoki.ag etr¡.e to dessleation near

the root, and, nake oonclitLons favourabl-e for aotlvlty of
nlero-organlsms at the sr¡rfaee of these un!.ts.

2. Stablltzatlon

Aegfegates onee fsrmed 1n the soll would reartlJ.y tHs-

appear and, reeomblne witb others la the so1l lf not stablllzeô.
. :' ': __' 

': 
il;: r-i

Page (l$) 
' and Robinson and Page (42) have ooneluclecl thaü tbe ll i

ch1efro].eof,organio¡ratter1sthestabl1izat1ongfstrucËure.
stabtllzation, aooorcl.l.ng üo Page (tþ) is thougbt to be brought ll

aboutbythead'sorpt1onofco11o1daJ.organ1ceonpounc[sonthe

free elay srrrfaeeg of tho outer portlon of the aggregates. ::.:,-.:,:.',,.r,',
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These ad.sorbecl organio oompounès sorve as a protectlve J.ayer

preventlag the oompleËe expressf.sn of the ooheslve forses
beüweea the clay aggregates. lh'e free eray surfaces wièhla 

i_,.,.,,r,,,,:the aggregates reuoaln l,argery rrnaffected by Ëhe orgaaf.o ':::: ': "'

oonpoundls¡ therefore the ooheslve foroes between elay
partlcJ.es wlthln the aggregate wouldl, be nueh stronger than 

:,::.:,::::j::

the ooheslve forces between the oLay partloles of the arlJaoent i

eoll aggregaües ancl eaoh, aggregate wgr¡.rel exlst as a separaüe 1,,,.,.:;,,:...,

gntity. """":"i'

Page (qo) has arso suggested üb.aÈ nany oollolelal
,orgaaf.o eompound.s are aclsorbed. nore readiLy and. helcr more 
ì

ittebtLy on the clay surfaee by the sane forces whieh attraet , , ,

water d.Lpoles. Onee ad.sorbed the organle oonpound.s tend. to
doorease weütab1llty, red.r¡oe sweÈllngr snd ressen the dtestrüo- ] '

i

tlue foroe of eatrappeel alr wlthin the aggregates. 1,,
sr¡rwnarlzlng, lt wourcl appear that the fonnatisn aaGt 

:

stablllzatlsn of favgrrrable soll struoture wag deBenctent ;,_,,,,,,,,
: 

.:' 
l: 

.' 
: 

.:,'.:: 
' 
:

trpons Ëho Bresea,ee of olay; tts eoagulaülon or fLocouratlon¡ 
,''1,.i,r,:::

the fragnentatlon of large sotl ng.gseg lnto favor¡rab1e sized ;':'¡'"'"'

aggregates; and the stablllzatlon of ühese aggregates by

colloldal- organlo oompound,s.

C. MEASTREßIENT OT' SOIL SBUCÍT]RE

fhe bonplete evaluatlon of solJ. struetrrre ia its
broaêest sense ls virtually lmBosslbl,e anct the task beoomeg

evea Eore lnvolved. tf the varlatlons l.n strr¡eüure with tlne



9

are to be d.escribed. Evaluatlon of soil sÈructr.re is macle,

therefore, in terms of one or nore of such relateil measure-

menüs as aggregate-size distribution, aggregate stabilitf,
bul-k denslty, poroslty, or Ber¡neabillty. Ttre most conmonl_y

,t"ãa measurements for the evaluation of soil structr¡re are

aggregate-size tlistribution of the water-stable aggregates

and. bulk cl.ensity.

I. Aggregate-slze d.lsüribution by wet-sfevlng

:One of the flrst attempts to measure the aggregate-

size d.istribution of so1l was macte by Errilln (6r) using the

wet-slevf-ng nethocl. T\rilin beLíevecl that the agitation of
soil aggregates in water woulcl break them down to eertafn
slze units which would. then resist fr¡rther breakilown. ustng

thls method the percontage by welght of water-stabr.e aggre-

gates retalnecL on tåe various mesh-size sieves, was con-

sid.ered a measure of soll aggregationo . several variatj.ons
of Tulllnf s method have been Broposecl (J-O, Lp, p9, l'I, 39,
4Tr 46, 5L, 62, ?0, TZT TIt) ln an attempt to standlard.Lze

the wet-sf.evlng Brocodure. The mosü wldely used. prooeöure

1s that developed by Yod.er fiZl . In thls proced.ure a

mecha-nical l1frü is emproyed to raise ancl lower the sieves.

Howeverr the stability of aggregates in water ls a relative
measure ancl comparisons among soils can be made only in

terms of measurements mad.e under certaln arbltrary but
well--deflned ancl controlled. experÍmental oonilitlons.

::.-ri -::

:i
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(a) Faotors affeeüLng the weü-sievlng teohnlque

å. review of llterature reveals tbaü the gfeatest

difflculty tn the nethod of cl.eter¡o.ining aggpegate-slze

dlstributisa by tbe wet-sleving technlgue lies in the :it"'.

stanctardlzatloa sf the prooeclure. fbe factors that must be

consLd,ered. ean be grouped und.er two h,ea(fuge¡ namely, the 
,:,.,.,

preparatton of tbe sampJ.e ancl the wet-sievlng prooed.ure. 
i.u,:,

(f ) heBaration of the soil sample ,,',,.,,

In preparlng the soil sampl-e for aggregaüe analysls ''i"'':"":

the faetorE ühat must be oonslclered. are: (a) ühe slze olass :

ofüheso1].that1susecl(1.e.theent1reso11sarnp1eora
eerËaln slze olass such as the J-Enrrn. fraoülon) ; (b) the
moisture conûent at samBlfng tLme and during storage; and.

(e) the methocl used. to re-wet the alr-dry soll prlor to l

'wet-sLevltg. 
ì

Yotler V?'l haE stated, ühat wet-slevlng analysls elata

wor¡lè be emoneous r¡nress the sofl sampre was reft ln its ,,:,:;.:

natural state. 0ther soil workers (10, 29, 7L, 31, 47, 5f)
have suggestect thE gentle orushlng of ühe soll sampJ-e an¿ the =,,'',".'.'

use sf a oertaln slze erass, ln orcler to galn better repro-
ctuelbillty of results. Van Bavel (6A) suggested that the 

,:,r...
sslL be passecl througb a !nm. screen and. thaù a repregenta- irli:i
tlve sub-sanpre be,;takea for wet-slevlng analysts whleh :

would eontaln soll partÍeres ranglng ln sfze from o to Enm.

Other workers (LO, llr 47r 5I, ?Lr T4) fave used, tbe J-! nm.

slze oLasg as a sample for wet-sievlng analysÍs. Roblnson
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ancl Page (4?), anct. Low (r1) have reporteö that by uslng the

3-5w. slze class a more aoenrate repro¿uotlon of reEults
are obtainecl, beeause of the r¡niforn sub-sampJ-e. O1emenü

and 1Jll1llams (fa¡ , and. Roblnson and. Page (4Zl have al,so

staterl that eare nusü be exerolsecl when soreenlng a molst

solI srunple la ord,er to Brevent aomBresslon or puddling of
the solL.

A1d.erfer (l), Baver ancl Rhoad.es (5) state that tbe
soLL for wet-slevlng anarysls shourô be aü Èhe same molsture

oontent as when sampled ln the f,lel-dl. Íhey Èheorlzedt ühat

alr-drylng ühe eo1l causec[ dehydratlon and resulteril ln Ëhe

formatlon of water-Etable aggregateE whloh were noü actuarJ.y

present uad.er fteld coad.ltlons. Several workers (2, LZ, eL,

24r 5L, 13r 39r 47r 5Qr 74) have founð that wet-sLeving the

same soll aü varlous moisture oontenüs greatly affeated the
pereenüage of waÈer-stable aggregates. Evans (af), Russell

and ronhane (50) state Èhaü lt ts dtffflcurt to obtaln soil
which h,aE a r¡niform molsture oontent, 1f the soLl ls wet-

slevedl lmedlatery afüer belng sampl-ect from the fleld.. rhey

also foundt lt diffteurt to store these soll snmtr¡J.es so as ts
prevent nolstu¡e ].sss a:ld nloroblal actlvity. In ord.er to
solve the moletu¡e problen, sevoral- workers lZ, I0, 7L, j3,
46, 50, 5Lr 621 70, TL, TZI have al.r-clrled tbe soiL samBles

innediately after sampllng anGl then re-wettecl the semples

prlor to wet-sl.evlng.



r¡àËþ&õdú

t2
A review of the literature indicates ühat the proce-

cLure of re-wettlng the air-clrled. soil for wet-sievlng analysls
ls critlcal and. that some stand.arcl proceclrrre should be 

:.:::,.::::,..
acloptecl if results are to be oomparable. Rowles (4d) and. Van ]::-.:::: ::.:

Bavel (6a) have sbown that re-wettlng air-dry solls uncler

vacuu¡r, eond.ltions proèuced. variabre results and. has no

ad.vantage over the caplJ-lary method. of wetting. Ðata "','t.,,li.l:1,.

Bresented by Nljhawan and OLmsüeact llgl fndícatect that the
re-wetting of dry soil by a flne sBray or by caplllary actlon
gave a much higher percent of aggregatloa ühan d.id wet-sleving
the fresh field sarnpl€. Vacurrm re_wetting of dry soi]- gave

intermediate resurts. tuerson (r9) , row (5r), Rowres (4d),

Russell and romhane (¡o) have reported. that with alr-dried.
soil samples the water-stabiLlty of the larger aggregates

d.ecreasecl as the rate of wettfng was Lncreasecl. yod.er (76)

theorized. that the lrnnnersion of air-dry aggregates in water
eausecl the d.estruction of the larger aggregates chiefly by

the shattering effecü d.ue to entrappecl and. compressecl alr
Ín the tiny pores. ThLs view was suBBorted. by other workers
(zO, 39, 66). Accorctlng to NiJhawan and olmstead ßgl
shattering was most severe when the soil was air-dry and.

clecreased wlth lnoreased. molsture content. fhey concludecl

fhat the slightest increase in the a¡rount of moísture

from the air-dry süate greatly recluced. shatterÍ-ng, be-
cause the tlny Bores were partially filted with moistr¡re

and. the usual entrapping ancl eompressing of the air in the

r:ri:,::;Í:::-:

l::-:ì:,,i::::._':t::t::_:

'::i-..'i. r'.
i:l.r.-.:i:.: t::: I
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tlny lrores elld not oeorlr. tow ( 3Ll , panabokke and. eulrk (4A) ,
and Roblnson ancl Page (,+Zl have reported. that ln aðdltlon to
entrapped. alr, swerllng ls a factor in causing slak!.ag (or
shatterlng) of soil aggregates. Dettmaan (rl) also has

statecl ühat eatrapped aÍr is aeither a neeessary nor an

lmrrortant faetor 1n slaking of alr-clry soiLs, but that srak-
lng 1s aLways assoeiated with rapld lnteroryEtal,llne swelling
of the elay.

( ¿) T[et-sleving proceclure

Íhe mechanlcal l-ifü destgned by yoôer Vzl f,aelutatetl
the star.d.arctlzatf.oa of the weü-stevlng teohnique. fr.ere are,
however, other varlatlons ln the wet-slevlng prooeclure and,

apBaratus whieh slgnifloanÈly affeot tbe results obÈained from
wet-sleving. Íhese varlatLons oaa be grouBeô lnto: (a) the
number of sleves used.¡ (b) the Elze ancl shape of nesh of the
sieves; (o) ühe ôlaneter ancl helgbt of, the sleves; a¡d (d) the
nr¡mber of sseil-LatLons the sleves und.ergo while Lnmersed. in
water.

sre arm,ber of sleves used. ia wet-slevlng aaalysis ls
detemined mainly by the klnè sf inforuatlon the ssil worker

wishes to obtaln about soir. aggregation. Bryant eg, gf,.. (ro)
anrl Low (¡r) usedl üwo sleves and. Klute andl raeob lzgl a

slngle sLeve Ëo measure the reLaËLve water-Etabillty of a

soÍ.J., whlle Yocter nz, ancl van Baver (64) usecl a nest of for¡¡
sieves to neasrrre the slze-d.istrlbutloa of the waËer-stable

aggregates of a so1l.
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SeveraL soll workers (10, Lp, 1,L, ¡,L, 59, 72, 7tt)

have reeognlzed the inportance of standarrlÍzlng the sLze ancl

shape of mesb of the sieves used for wet-sleving analysis.
Ta¡ner .q!, gl. (59) reeomríended the use of arl-roo5, a¡rð o. zjw..
nesh sleves, buü not the 0.10 mr¡. nesh slove for wet-steving
anal-yslsr Bs lt i¿ereased the varlatton between replleateso
The standard, u.s.A. rounð mesh sleve hagc, been more wiclely

usecl by solJ. workers (ta, lLr 46, 51, 62, To, TZ, ?4) ühaa

the sguare nesh tyBe used by Eanner aad. Bonrget (60¡.

Olement and ltllrrlams (re) found that the number of
sf.eves and ühe size of mesh sf tbe sLeves reguirect for vcet-

sievlng anarysls is also clepeneleat u,poll. the a¡nounü of agse-
gates retalnedl on eaeh sleve after wet-sieviog. flrey
suggested that Èhe aumber of sLeves be d.eereaseeL or the slze
sf mesh of the sleves be Lnereased so thaü at least onc-teath
of ühe weight of the orlglnal sample used. is retainecl oa eaeh

sf.eve after wet-slevi"g.

Íbe flve lneh ellameter sleves have been founrl by

eeveral workers (to, 621 7Ø, 721 to be both convenient and.

satlsfaetory for wet-slevlng anarysls. sanner S g!. (59)

have reoonnencleô th.e use sf the haLf-helgbt (1.e. L iaeh

deep) sleves lnsteaet of the fuLr-helgbt (i.e. p lnoh deeB)

slevås beeause they were ress bulky and, more eonvenlenü.

Eoweverr they suggesteð thaË the sf.eve reeeiving the soil
shouldl be fulI-helgþt ln ord.er to prevent overflow sf water

anê soÍI during wet-sievi"g.
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varlatlons la the total nu¡nber of sÈrokes or osoilla-
tions for each cLeterrlnatLon haræ beea shown by several work-
ers (10, 3L, 5L, 6zI to lnf1uence the slze-dlstrlbutlon of
the aggregaÈes of a soiLo Low (5f) states that the peroent_

age of Ëhe aggregates retained. on the sleves d.eereaseel as the
atunber of osoiLlaÈLons ú€re inoreasecl, untlL aBproxlmately

flve hundredl osclllatlons were reaehecl. fnoreaslng the
nunber of oscllratlons beyoad five hanttred dlltt not slgnlfi-
eantly affeoü the stabtllty of most of the soirs stuclled,.

Therefore, Iow (5f) ænolueled that flve hundrecl osclLlatLons
were suLtable for msst wet-slevlng analysis.

(u) Methocls of expressing wet-sleving analysis ctata

varLous nethodls h,ave beea d.evelopecl. and. equatlons

cle::8vecl to obtaln wet-sleviag -ü.ata in a sinpJ.e fozu whioh

oouLcl be easily ancl aeourateJ,y lnterpretecL anril which wou¡l

oharaoÈerlze soil aggregatlon. severaL solr workers (ta,
14, 24, 3L, 59, 661 have suggested. tbat the peroentage of
aggregates larger than scEBe speolfle size, but arbltrarlly
ehosen, be useel to oharaoterlze soLl aggregaËioa. 01ement

and 1[1111a¡¡s (fe) , Glsh a¡¡.d, Brownlng ( a4) , fow (5f ] , and

trllson g[ gt. (66) have expressed. resu].ts as pereent of
water-stable aggregates greaüer than ânn.; wbile NlJhawaa

and Olnstea€!. $gl and Dawson ( il+) have expressedt results
as percent of vlaÈer-stable aggregates greater than o. æ.

van Baver (6a) has su.ggestecl ühat the mean-welght

eliameter be used. for a statlstieal index of aggregatLon.
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Íhe mean-wetgbt cllameter ls measured graphloal-ly from tbe
area above the curve when the aeer¡mr:rLated peroentages by

weight of aggregates retainecl on eaoh sleve are plottedl

agalnst the upper unlts of separatLon. fbls methocl utiL-
lzes all the avalLable fnforaatlon oa aggnegatloa and per-
nlts the presentatlon of ctata from wet-slevtag anarysls as

a single figure. Gard.aer lzZI crlticLzed. the mean-weigþt

clLa¡neter proeedlure as being tine oonsrrmlng and subJeet to
plottlng and pl.anlmetering errors. youker ancl Gulnness l73l
have BroBosec[ a shorü netboct of obtainlng mean-welght d.ian-

eter values whieh conslsted of ealoulating the procl.uct of
the nlclpolnts of eaoh slze rarrge and the percent retalnect oa

eaeh range, respeetlvely. Ðre oaleulatecl value usually over-
estinated the area above ühe curve and. a regresslon teohnlque

was apBlleet to obËain the trr¡e meaa-weight dla¡leter. youker

and, Gufnness (lll esËlmated the caloulatlon neth.od to üake

on].y thlrty seeond.s as eompare-dt to ftfteea nlautes by the
gralrhlo method (6a). stlrk (56) has suggesteit that youkerrs

ealeuratlon netbod. rs,lËhout the applieatLou sf the regresslon
woulcl be a satisfaotory meaas of expressf.ng d.ata obtalned by

wet-e1evlog.

2. Bulk clensity measure¡renüg

ltre second measurenent that ls often emproyed for the
evaruatlon of solI stn¡.eture ls bulk d.ensity. several soil
workers (f6, P6, P9, 52r 56, 64) have used. bulk ðensfty
measr¿rements to foLtow structr¡ral ebanges tn soil as influ-
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enoed, by varlous eroB ancl maJaure üreatments.

fbe bu.Ik elenslty measurement ls cteterntneril by cl.lvld,-

lng the oven dry welgþt of the so1l clod by lts volumeo

Ihe lower the bulk denslty value the greater the Bore vollroe ,,¡¡,',..:1,

and ühis ls consiclered to lndleate a morê favor¡rabre soir
strueÈure. fhere a¡e, however, several factors whloh ',,,...',..

lnflueneer andl several methods of detemining, bulk d.enslty ,,.,11,.or:i

measrrrementso 
:'.:i::'::':1'l

¡, .'.t. .,..1r.i(a) SactorE affectlng buJ.k denslüy measurements ,::.':,,"'';':';'

Several soll workers lZj, Ð, 54) have founô that bulk , ,

density values are Lnfruenoed. by the methocl. of samplf.ng and!. .

by the mof.sËure eoatent of the ssll. i

Sbaw (54) suggested that br¡Lk clensity lavestf.gationE

shoul-cl be determlnetl, eith,er on naÈural soil elsds earefurly
removecl from the solL Broflle or oa undlsËurbecl soll oores

as obtalned by a oor€ samprer. Eê statedl ûhat undlsturbed

sampres gavs results represeating ooncHtions of ühe soll ia
the fÍeLtl.

A review of reports by several workers lZ5, p9, ll9, 54,
64) on bulk denslty measurenents reveal that any nethocl. whieh

requlreel or alLoweel the soll e1od. or oore sanpl.es to d.ry,

Ëentled. to give €Troaoous bulk denslty results. RusseLl, a¡et

EaLaerek (4gl reporËecl that the shrlakage occurring ta
aatr¡ral "t.y elods as Ëhey were dlrled from fleld oapaoity to
wllülng polntr was 4.9 pereent fsr manurect and. !.! Bereent
for ths trr.,ìnüanureel plots. Hafnos lZSl presenteet tlata showÍng i..,, 

,,.
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that the voLune of the re-wettecl soil was greater than that
of the orlginal.

(U) Methotls for measurlng bulk d.enslty 
i.:::::.,,.::::j

The four nethoets nost eonmonly used. for measurlng the r,,:,'r:,'.

bulk denslty of so1ls are3 the lmcerslsn of a clod ln
E'ereuryorIar'pparaff1n(z5|itheproofingofae].gdrs
surfaoe agalast sons ltquld withouü lncreasing the vo¡¡me of ,'','..'.',

the olod. (47) i the paraffln-Lmersloa method. as deserlbeð by ,"=n,''

RusseLl et -4. $zl I and the eore sampler method as usedl by """:'"i
KLute and. Jaaob (e9), andl. Van Dsren anrt KllngebleJ. (64¡.

Shaw ( 54) deterslneet the butk ôenslüy of etod,s at fiet d
mo1stureoon'terrtbyvarf.or¡'snethoc[sandfount1thatthe
paraffln-l.nmergloa meühocL was the nlost aecurate. 

,

IT). R5'\ntEI¡iI OF ffTLÐ ffiERr¡á.ENTE

Examlaatf,oa of llteratr¡ro on solL stud.les reveals that I ,

'..wet-sleving analysls ancl bulk etensiüy rueaõurenents have beeu 
,.,,,,,,,,

useal by several sslt workerg to study the effeot of varlous iii'"
. -: -:: - ,',-..

orop and, eulturaL üreaüments on solt struoture. Ibe follow- 1..;¡,..i

lng revlew of suoh field experf.nentar stucu.es is groupeö 
r¡':'i:':;'::

r¡¡¡.cler three head.ings: (f) organle and. inorganlo fertil-izers¡
( e) erop rotatlons; and (ll ttl].age anð orop residlue manage- -t.,, 

,,

:-Ì: i -::":ì:ment Braetlces.

1. Organie aad, fnorganlc Fertllizers
The applleatlon of organle fertilizer ia the fors of :

barn maaure has geaerarLy been for¡ndt to maintaln or inprove
i,t,.,,.,,.jt,,.,.. j,,

the e¡istlng süruotu.re of a soll. K.uËe and. Jacob (29) on ,,,:,',',',':,:,,,
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measuriag the amor¡¡t of water-stable aggregates greater
than 0.4tum. (of a si].t Loam soi].) , founcl that at least ZO

tons of be¡n nanure per aere Ber year was neoessary to
slgntfloantly inorease the aggregate süablllüy as eomparecl

to a non-nanu¡ect ebeek Br.ot. ra additlonr they repo:rtecl

ühat the bulk d.ensity was lowerecl by 20 peroent at the
o-Ifr lneh depth on the manured. Brot. slnilarry, RusselL

gg gI. (52) working with a sfLt loan soil obtalnetl a stgnl-
fleaat lnorease ln amor¡nt of water-stable aggregates greater
than 0.lF2ttrtn. by ühe applleatlon of ba¡a manure. Ílhey re-
portetl also a signifleant cleorease in bulk elenslty (at both 

'

the 0-J anè 7-9 lnch depths) on prots whfoh had. reoeived
Ito tons of bara naaürô per aere. Aldterfer anct Merkl,e (r)
presentetil data showlng that the bulk dlenslty of a sl1t loam I

soll was l.Pj tor a oheek plot anrt l.pJ ancl l.If for the 6
ancl r0 toa manure treatnent ¡rloÈs, respectivery. Baver (t+)

had founel. that the favourabLe effeet of barn manure on soll
aggregatloa was only temporary. Bertramsoa ancl Rhoactes (7)

stateGl that the additlon of barn manure had no apBreciable
effeets oa the aggregatLon or the burk denslty of a stlty
olay loam solI over a 15 year perf.ocl. Low (lll reportecl a
marked cleellae in ühe amount of water-stable aggregates
greater than Jw,. on a eJ.ay soL]. u¡rder eultivatlon for L0

years dlosplte the adltlltlon st 6oo tons per aere of barn
xlanure.

r.l
::it

..i

:.::;::"-4.:.:>l:1

:iìi::::::.'1: jf i
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several wsrkerg have shown tbat the aBpLioation of
lnorganle fertlllzer (usual.ly mad.e to lnerease ühe avaiLable

nutrient supB1y 1n a soll) has resultecl tn inoreaseð soil
aggregatlono Elson (fd) reportecl, that soil of BJ.oùs r¡¡,eter

oorn eontlnuously ancl u¡,cler wheaù oontinuously ehovuecl an !.¡l-
crease ln aggregatf.on when inorganio fertlllzer was apprled..

Ee also reportecl that tbe apBltoatlon of lnorganLo fertillzer
had lnereased!, aggregatLoa of solL und.er a rotatlonal wheaÈ

eropplng system, but harl not lnereasecl aggregatf.on of sofL

uncler a oontlauoug hay oropping system. Baver (4) haE

suggestecl Èbat fertlllzer applloation lnfruenoert solr
structure nalnly by Lncreased, follage anct root prsd.uotion.

2. Crop rotaËioas

several workers (6, 16, 24, 27 , 3T , 4I, 5T , 63, 6L, ?l)
bave reported, that the systenatlo sowlng cloluu sf flelcle to
grasses, legumes, or bothr êt regu]-ar lntervaLs has resultecL

Ln an ItqI¡rovement 1n soil süruätureo Elson (fd) oonrituotecl

erperf.ments to detemÍne what effeots a four-year rotatLoa
of oorn, wheat, eloverr âBd tlnotby hay, and thrrty years of
oonflnuorls ÈlnoÈhy hay orops ancl wheaü crops wou]-d have on

the waÈer-Êtabllity of a sllt l-oan soil. Ee fsr¡nð that the

aggregate-stablrfty of the solls from both the oontlauou,s aad,

rotatlonal tlnothy hay plots were approxlnately the sruFe aacl

that the solL from the rotatlonal wheat BLot had only sllght-
3-y lower aggregate-stablllty tb.an the sol]' fro¡a ühe eontinuouE

wheaü plot. Fage a¡dl t¡[ll],arcl (4f) suggested that the lnoluslon
of socl orops (of J.egUnes, or grasses, or a mlxüure of legUues
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ancl. grasses) 1n a cropping systen. was very lnportant beoause

grala erops (wbeat, oatsr ot eorn) ln Ëhe rotatioa hael a

tenclency Ëo recluce soLl aggregatlon, whereas the sod erops

hacl a tencleaoy Ès lnerease soll aggfegatlon. Eolton a¡ê
Tflebber (6) eondlueting an erperlneat on olay soll-s for¡nrl that
the Eo1l r¡ncler a blue grass sod, showed better aggregation

than the solls ¡¡nd.er a first or secontt year aLfalfa-brome

socl. Íhey for¡ntl the soils r¡ncler both the alfarfa-brsme and,

blue grass sod,s were nuoh better aggregated than the sol,l
from the oultlvaËerit oheek BIot. Wl1son and, Browning (6Zl

suggested tbat arfalfa wlth lts tap root Ls less effeotive
1n bulldlng a stable soll struoture than grasÉr wlth lts
numerous flne roots. However, they conolud.ed that grass anð

legune nixtures are the most ðesirable as they not on-Ly

lmprove aggregate stabllltïr but aLso supply nitrogen to the

solL. Several workers (1, Z2r 6lt) have presented bulk d,enslty

clata lnctieatlng lnprovement of the structr¡¡e of the soll- of
i.iË,r'.

Blots uader gfass anct l.egrru.e for several years. KenneËly ancl. i-,r.¡,,,

RuEsell (aÉ) Bresenteet rlata shourlng that bulk denslty sf the i.,.1;i

a-5 Íneh J-ayer of solL changed from L.25 to 8.97 after bavf.ng :

been ln a grêss-l€gume sod. for several years antt that the
i:,','-:l:i;,]types of grass which had the greaüest d,evelopment of rootE I

ancl rhizomes resurted. ln the lowest bulk rlensity valueso

Eowever, MoEenry a¡ld Newell Bll for¡nrt no signlflcant
d'ifferenees1nbu1kdensl.tyamongvar1ousgrasgg@Ös,buË

for¡nd. a signlfleant d,lfferenoe between a oultlvatedl fleld ,,.;,=,.:.,:,,

i1.ì., i.:','''

and. eaeh of the gtrass sod,s.
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5. flllage ancl crop resid.ue naaagenent pracülces

flre destructlon of natu¡al aggregatlon of the soiL

by various tlllage praotlces has been indlcated by several

workers (1, 14, 16, 24, jT, ]2p, |T, 63, ?1). Russelt et g.
$21 has shown that aggregatlon of the soll of a plot

Brevf-ously tn sod,, stead.lJ.y deellned when Èhe Blot was oon-

tlnuously oroppeè to eorrl beoause of lnereaseð oultivatlon andt

poorer proteotlon glven to the surfaee soll. MeEenry anrtr

Newell ßfl for¡atl that the soll of a eultivated. fleld as coni-

paredÌ w1üh a god fierd hacl slgnlfloanü.y cleereasedl 1n aggrega-

tlon at the 1-5 lneh depth; had s]-lghtly cleoreased ia
aggregatlon at the 5-7 lnch d.epth¡ and had approxlnately the

sane aggregatlon at übe ll-tJ lneh d,eI¡th. Ðawson (f4¡, andl

Drelberbls and Nair (16) have inrl,ioated. Ëhaü pJ-owlng as c@&-

paredl to ellselng reclueed the pereent aggregaËisn ln the sur-
faee layer of the soll. However, hef.belbis andl [Tar.r (16)

found that pJ.owlng as oompared üo ttlselng of a soLl resuLtecl

in sligbtJ-y hlgher br¡Lk density values at the 0-2 inch deptb

and. nuoh lower bulk ctenslty values at the J-6 inch deptb.

Aeoorcllng to llloodlruff ( 7f ) the rleoline in so1I strr¡ctr¡¡e by

cultlvation ls due, ln part, to the inereased. d.eeonposiûÍon

of the proteotlve organic eorrolds wltbout supplylag fresh
organLe natter to replaoe ühem.

The effeets of varlous muJ.ahes on soil aggregate

structrrre has been lnvestlgatedt by several workers (3, 6, 9,
r4' 56, 41, 65, 74). å.1-derfer (¡l reBorËecl. ühat the presenee

k'.È-+*:ì

t::i :..1i:
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of an orgaalo nuleh malntalnecr soil aggregaÈlon aü the l-J
inch clepth when oonpareel to a oheek. Dawson (f4) indicated
that a wheat süraw nuLeh fnereaseel aggregatlon over that of
aa alfalfa mul-oho Eowever, Browning and Ml1an (9) reporteel
that the Lneorporaülon of aLfarfa into ühe soil. as oonperedl

ùo ühe lnoorporatlon of straw resulteti in aa inorease ir¡,

aggregation. s1n1larly, Tûooctruff (71) fouad that sweet

clover plowed dlswn as a green r¡,anur€ inoreasec!. soiL agg€gs.-
tion ovor that of a eheek plot.
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III. ![.AfERf4J, ANÐ I\/IETIIODS

A. DESCRÏPTION OF SOILS

fh.e soils on which the p3-ots were loeated. have been 
..,,,.,,.,,

,-.:,t: : :.:.ì'

d,esaribed by Ehrtich e! q. (ff) as members of the Red River
and Fort Garuy associations. fh.e imperfectly drained (nea

River) and Boorly dralned (osborne) are soll associates of ,:.
,;...:;,i...:the Red River Associatlon and. are classified. as Blaekearth- , ', ','

like anä Mead.ow soils, respectively. Both of these soils have .,,.-,.,r,¡,..

d'eve1opec[on1agustr1nec1ayd'eposftsgreaterthanthirty

inches thíck. The imperfeet,ly draineil solL associate of the 
,

3ortGarryAssoci.ationcontainsfree1imeoarbonatetothe
surfaee and is classified. as a taloareous Black. ETris soil 

Ihas d.eveloped. on a elay or sllty elay mantre Less than thirüy 
I

inohes thick that tongues into underlylng secHments, whlch

are strongly caloareous and. vary ln texture from very flne
sanily loam üo sllty clayo 

""''r""'"''The Red River and. Osborne so1l assooiates of the Red ',',;,,i;,,,',r

,¡t,,rt¡,,,t,r.t¡:River AssocÍation are the Õoninant soils 1n the plot area. ,r¡¡::;,

flhe lmperfectly drained. assoclate of the Tort Garry .Aussooia- , '

tion is confined. to narrow strips wlthin the plot area.

B. ÐCPTRTMENTAT ÐESTGI{ *T\TÐ PLOT IAYOUT

Several long ter"m. experíments have been ini-
tiated by the Ðepartment of Soil Science to study

the effects of organio and. inorganic ferüiLizer treat-
ments , oropBing systems , tillage, aacl oroB resid.ue
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managernent practioes on crop yields. Some of the plots from

three of these experiments were selectecl to d.etermine what

effects the above üreatments and practices hacl on soil
strucÈure. t,:.r,

1. TLre effect of barn manure on soil strucüure (Þcperi-

ment 6d)

Experiment 66, initiated in Lglg, conslsts of a four ,.,,,:'

year rotation of corn, wheat, fal1ow, and. wheat. In LjJ6 
ì'Í"i

; - :: .',,:

;i these rotati.on years were reBresenüed by Ranges 22, 25, 24, -.:,:r,

l

and 2t, resBectlvely. Each range consists of eleven ploüs

l/4O of an acre j-n size. Barn Írsn[f,e ys¿s apBlied. (in ttre

fa11)on1ytothatrangewhichwou]-d'beincornthenext
season. A field. pran of Range 23 in Experiment 6d showing

the location of anil the treatments for each of the ploÈs,

1s presentecl in Tigurê J.n

Soil- sa.mples were taken at both the O-3 anð, J-6 inch

depühs from Plots 5, 6, g, 10, and 11 of Range 4, in the
it,',.r;'falI oî L956 for wet-sÍeving analysis and in the spring of 
:tì,,

1957 for both wet-sieving anal.ysls and. bulk d.ensity neasu.re- ,,..+;

ments.s1neethep1otsforRange27werenott11led'Ínthe
fall of ijJ6 or in the spring oî t957, the soil sam.ples

obtained. fn LJJ6 ancL ín fg57 were essentj.ally the sâme except ii:,.i:.,
i:.!"i::,r:!

for the lapse of tlme between sampling d.ates.

2. The effect of crop rotaüÍons and. barn maau-re on soil
strueture (Experlnent J0)

Ranges 26 and Zf of Erperlment f0, esÈablished. 1n 
i,,,,,,,,,1919, have eleven main plots which are cropped as fol]-ows¡ i.:.r':,,,:,
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26

Range 23 Plot ![o.

L0

t Gheek

f' ,0 tons sf roütecl ba:rn mannre

2l üons of roûtedl. barn maillre

t 20 tons of rottert bara Eanure

1l tons sf rotted barn &anure

t Gheok

t' 10 tons of rotteil barn maaure

I tons of rotted barn tsEìanrre

L0 tons of fresh barn Eanure(shsrË straw)

10 tone of fresh barn Bu"aÌtxe(Iong straw)

Chesk

t Plnt" sanpled f.a 1!!6 ani- LJfil

FIq'RE I
SÎELD ptAI.{ 0 RA¡IGE 2' 0F HTPERI¡IEùIT 66
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(f) PLots I and 2 - L fa11ow, wheat rotation
(e) Hlots J, 4, and 5 - a fallorur wheat, wheat rotation

$l PJ.ots 6, Tr d aad 9 - a fallow, wheat, wheaü, wheat j:.::
rotaüion :":: :'':

(4) Ploü 10 - a eonËlnu.ous wheaË orop¡rlng systen
(5) PLot 11 of Range 26 - a oontlnuous corn eropBlng system

,;:.,,',,:,(6) Plot 11 of Raage zT - a esntrnuous oat oropxrlng system .*,iì'
rn l$lfr Prots 1, 4 anel 6 were falrow years for the tb¡ee 

::,;:;,:r,::

rotatlons outLined. aboveo Egwever, slnoe the plots were :::::::rr:r:i::

not tl1J-eô ln tbe fa.ll of fg!6 non in the sprlng of 3g|jT

the treatments at samBrlng time were eEsentiaLl-y those of
Lg56. Thus Ploüs Lr 4 and 6 repreaeated flnar. @rop years 

l
:

for thelr respeotfve rotatLons.

all the IrLote of Bange 2f reeelvecl barn manu:re ap¡rJ.r-

oat1oasattherateofl}torrsperaore.S1noethebarn
uaaure applloations uere macle eaoh faII prf.or to a oroX,

year, lt is readlly seen thst Ëhe ploÈs in the eontinuons 
¡ii.,,,
: ..r'.. .oroB¡llng system reoef.ved, the greaËest tonnage sf barn m€¡rure i.,:-,

sLaee the tnltiatlon sf the erperiment, whereag prots in th6 '',.'¡,,'.i

two-year rotatlon reoelved. the least anonnt of baru nanureo

[hep].otsinRange¿6ar¿aotreee1veanyn'ant1rf.a1Ëreatnentø.

In the sprlng of Jlg57 on.ly the south haLf of Flots J., ':L,';,;i¡'|,

4, d, 10, andl 11 ln Ranges 26 anê pf were ssnpJ.eËl. Soi1 
:

sampree w6re taken fren the 0-6 luah rlepth for wet-slevlng

anal.ysis and, from tbe 0-J lnch depth for brrlk elenslty

&oagurements. :,,',,1 :,'',',-,
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3. tle effeet of oroB rotations, tilJ'age anil crop rêsi-
d.ue management practioes, and. fertilizer treatments on soil
structure (Þcperiment 70-A)

&perlment 78-L, lniüiated in Lg+3, consists of a slx-
year hay-grain rotation and. a three year fallow-grain roûa-

tion. The cropping treatments for each year of these rotatlons
are as foLl0ws:

.Hay-grain Fallow-graln
iËotatlon rotatlon.

Year]- ' Fa1low I'all-ow

Year 2 Seed. d.own for hay tr{heaü

Year J Hay trVheat

Tear 4 Hay anci break FaLlow

Year I lïheat l/tlheat

Year 6 Wheat Ïlheat

slnoe the fallow-grain rotation requires three yea.rs for a

coroplete cycle and the hayagraln rotation requires six
years, the former rotation oompletes two cycles for evory
compleüe cycle of the latter.

Ttre arrangement of the forrr ranges ancl three bloeks of
plots and. the rotation years represented by these Blots,
fot LjJ6 are sh.own in 3lgure 2, on page J0. In 1957, since
the sanpling was eompleted. Brior to any spring tillage the
so1l was yet undlsüurbect andl the treatments for Ranges rd,
l9r 20, ancl 21 ln Block 2 were essenüially those of rotatlon
years J and 6 of the hay-grain rotatlon. ÐetalJ-s

of the croppÍng practices and. the tillage ancL croB
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resi.d.ue management practiees for each plot in rotation years

1 and 6 are shown 1n Figure J, on page 51. fTre plots of

Experlment fO-A hacl been sBlit lengthwise lnto two parts L/6O

of an aore in sÍze, howeves, the tillage and eroB resid'ue

ß.anagement praetioes are the s4me for each part. fn the hay-

grain rotaülon there are three hay crops grownr nanely;

alfalfa alone on Plots I aaÖ 11; an alfalfa-mead.ow fescue-

tinothy mixture on Plots 2 and 10; ancl a meactow fesoue-

tlmothy mixture on Plots J and 9. In the falIow-grain rota-

tion there are five t1llage and crop resld.ue management

practices, nanely; pl.ow uncler stubbte on PloÈ 4; d.lsc in straw

and. sÈubb1e on Plot 5¡ leave trash cover anct cultivate on PloÈ

6i burn straw and. stubbLe and aultlvate on PJ-ot f¡ anil Blow

uncler straw, stubble and. alfaLfa on PLot d. In rotatlon year

5 the plots of the hay-grain rotatlon have oompletecl two

years of hay; whlIe the plots of the fallow-grain rotatlon

have comBleted. üwo years of wheat. In rotatlon year 6 aII
the plots of the hay-grain anö fallow-grain rotations have

eompleted. two years of wheato

tre fertillzer treatmenüs for Experinent 7O-A are as

follows:
(f) eheak wlth no fertilizer
( a) Anmonirrm phosphate (1l-4d-o) at 45 rus per acre

(3) .tunmonÍr¡n phosphate (r6-ao-o) at tOd tus per acre

(4) Barn manure at d tons Ber acre

¡':Ìi'!:i':'ìÌ:å
,,-:-r 1::: .: 

_ 
ì-i
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POSTTIoN 0I' RoTATION tmAES L fO 6
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Plot
No.

11

10

aaa
aaa

: I¡Theat ?

Rotation Year 6

Ê,ange 2l Range

aaa
l- ..

aaa
aaa

: tr{lheat z
aaa
J: o a

RotatÍoa Year J
Range 1! Range 16

a
a

Alfa1fa-hay

: Alfalfa-grasses-hay :
aaa

I Grasses-Ifay
aa
aa

aÇa..ó
3 Wheat.p-1-o1v under i. sEuÞpJ.e .,..4
aaa
.a¡

: Grasses-hay :
aaa
ooò
.aa
aaa

: Alfalfa-grasses-hay :

aaa
aaa

: lliheat | 9

aaa
aaa. liVheat-plow under .' alfalfa gnd straw '.

La.
aaa
aaa

, lÏtreat-burn straw and. a

I stubble-cuLtivate :
-L._.
aoa
aaa

' fllheat-leave stubble .
. anal straw-çuLtivate :aaa

aaa
aaa. üIheat-plow under :' alfalfä and. straw 'a.aa-.4
aaaa.a
, Wheat-burn straw ancl .
I stubble-çultlvatã :

-aa

I mrurt-Leave3stubble :
i and. straw-cr¡ltivate 

;
aaa

] Tlneat-disc'1n straw :' and. süubble ',..aa¡

Trlheat-disc'ln straw

aaaeaa

: llheat i
aaa

-L- .. .
aQa
aaa

i lïheat | 2
a.a

aaaa

lilih.eat : 1
aa
a.

3 Alfalfa-hay
aa
aa

TTGURE 

'FïELD PLAII 0F .mrn: Cç,OPPING SRACIIffiS, Tf]Jrå.@,
¿IVD CB,OP RSSTÐUE ilIAIüAG3[fENT 3R.ACÏICES

TOR HCPERTIÂENT 70-A IN 1956

antl stubble
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lEhe ammonlrm pbosphate was ap¡rlleô to the ssil at seerlfng

tlne eaeh yearc Íbe barn ¡nanure was apprled la the faLL
prlor te a crop year. lhe ferËiLlzer üreatment for the sub_

plots of Ranges L6, 19, 2Ar and 2l of BLock Z are sho$B lu
Flgure t$.

Tn LJJf oary the eheck and the 1r.-4é-0 rertiLlzeê
Ëub-plste lu Banges 16, L9, æ, andt 2I of BLock p were

sampLeê. soiL sampJ,es urers taken from the 0-J and J-6 iaoh 
.:.,::;,,

ðepths for wet-sleving anal.ysiso r:r":::.1ì:

O. I}T\¡:ESTTGS.TTON EROSEDT]REE¡

&e f.nvesülgaülon procetlrrres, for ühls stutly are
rllvlded lato three parts: (r) flelð sempling and sanBle

preparatloas ¡ ( A) weË-Elevl.ng analysls; and (ll buLk tlenslty
measurenenüs.

I. Fleld sam¡rIlag and. sample lrreparatlsn
ftvo salaIrle sl,tes were seleoteel on eaeh ltLot or sub-

Blot at polnts one-quarter ühe cllstanoe from eaeh enel and,

al,ong a eentre llne of the I¡Iot or sub-plot.
solL sanples for aggregate analysls were taken fron

each sLËe at th.e desirect clepth anrt air-Élrlecl. lEre alr-elry
ssll was thea gently err¡shed, to pass througþ a 5nm. Ecreen,o

lbe for:r solL sanBles from eaoh pLst were eombLned. f.nto tws

sampleg|. oae eoataiaing solJ. from the 0-J ineh depth and Èbe

other oontainlag soll from li,l:e J-6 ineh dtepth. gre soll sf
eaoh of these samples were thorougbly nlxecl and, a represent-
aËlve sanple taken for aggregate anal-ys1s.

-----ií{4ti*;l9j
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Botation

Range 2L

Year 6

Range 20 P]-ot
No.

aaa' Manure ' Check ô

i ------------ !. . 11
: 
-16:ãõ:õ-- - 

: 
--li:[A:õ--- 

:

i r6-ao-o ; mro,o" :

; 
-ii:'+d:¡---; --aËk ---- 

;
aaa

I u-46-o I ctreci< :a------- -----a

: Manure : 1b-20-0 :
ar.

I Check ' Manure '
: ------- : ---:-;:-------:. 11-+8-0 16-20-0
'rt'

: 16-zo-o I u-4e-o :; ------- ; ---_--- -__-_i
; Manure : Check I
oaa

. 16-zo-o I c¡rect< :
-________ o

! 11-+8-0 . [fanure .,a.a
aao
aa. irfranure . ff-4ei-O :. _---__-_-__-;
. Check , 16-20-0 .
aa

. crrect I 1l-4d-o :

. Ib-20-0 . fulanure,a¡

1..

. Manure . 16-gO-O :
a ----------_-.. ll-Il.d-o . check :

aaa

. r6-eo-o ] Manure :

. 
-____f 

_ _____ 
¡. Check . 1l-4d-o .

aaa

I cnecr ' 11-46-0 'aa l---;--------;. Manure . 16-20-0 .aaa

10

T'TGURE II

FIETÐ PT,AI\T OF EERTILTZER TR,EAITüMITË
r'oR fficPrRrMENr 70-A IN tg56
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fr¡ee solI oLoð samples for bulk densÍüy neaguremeaüs

were taken from eaoh site at the deslrecl depths by drlvíng a

spacle lnto the ground. anel üurning up tbe sotl. flhe e1sd,s

seJ-eetecl rrere lnmedtlately plaoed in waxett ooatalners for
etorage unttl Èbey were analyzetl.

2. llleü-slevlng aaaLyslo

Ðe.e apBaratus and. nethod, usecl for the uet-sievlng

anaLysls was stnlLa¡ to ühaü userl by Yodter (7a). ître wet-

slevlng apBarattrs showa ln Figure 5, oonslsted of üwo nests

of sleveo, two oontalners, and. a neahanloaL l-lft wlth orarÈlLe

atüaohnent for raLsing and lowering Ëhe sf.eves in waüer. 11rê

nest of sl,eves consisted of four sieves (6 lne¡.es la diasotar)

wlth oBenlngs of 2.0, 1,0, 0.5, ¡nd, 0.25 nm. flhe sieves utere

assenb1ed in orcler of Ëhelr cleereasing nesh slze qncl the

Jelnts between the sleves were sealed, with rubber bands.

Eaeh nest of sleves was pl.aeecl ln the orad,le atûaehment of
the meohanÍeal Ilft whloh hact þeen posltlonect d.lreot1y over

ühe eontainers.

flre wet-slevlng meËhocl usecl for wet-sleving ana1ysls

ïuas as follows¡ The oontalners rúere fll]'ed three-quarters

fi¡J.} wlüh tap water and th,en the sleves were lswered. aü aa

angle lnto the water, thus eLfuoinating af.r loeks between tb.e

sleves. l[b.e sleveg $erê lnmersecl lnto Èhe water to suoh a

clepth tbat the water surfaee was even with the mesh of the

top sleve when the meohanlsm was at the hlgþesË positlon ln
lts oselLlatlon sËroke. Tour 5O-gram eub-sanples were weigþed
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ouf fron eaoh plot sarnpJ.e and. re-wetted on a tenslon table
for 24 b,or¡rs unôer a üeaslon of lOora. of waüer. After re-
wetting, tbe soll was üransferrect to the oentre of übe top
sieve anù the mechanLeal llft set Lnto motlon. lbe sieves
were allswecl to ossiLrate in the water for 1o nlnutes
(approxlnately 2p0 strokes) ¡ aDCL ühen raLseel from the water

ferred, to tarecl beakers, dlrf.ecl at Ll0o0, weLghedl and reoord,ed.

as weigþt of water-stable aggfegatee retalnecl on eaeh sÍeve.
lhe welght of partleles passing througþ tbe bottom sl.eve was

found. by subtraotlng the totar welght of sol.L reüalnecl on the
eloves from the lnltlal welgþt of sanpre u,set[. lHre pereer.t-

age by wetgbt of soll passillg througþ the 0. Z5¡nm. (or botton)
sieve and. that retainedl. on the O.p5¡ 0.50, 1.0¡ &nd[ Ao0nm.

sleves waE first oaleulatecl and then the accunulated Bercenü-
age of soll passing tbrougþ each sleve was calaulatect, begln-
nlng wfüh the O.2tinm. sieve. The approprtate values thus
oaleulatecl for eaoh weË-sievlng ðeterulnatlon urere substltuüerl 

1,.::,=¡,:.

in the followlng equatloÃt, üo ðeternlne the årtthmetlo Mean- "=1.r,;1'r'

Slze4S of a Eoil,:

¿,.M.s. = tÌoo - (y1 i 5/z yz + 3 y4 + d 
"g)

rhe aoormulated peroentage vahres for eaoh wet-sl.evlng tleter-
mlnattoa were eubstltutect 1n the above equatLon as follows:

* ÐerlveQ by I.{. s. Mend.ersohn, professor of Matbematlos atthe Unlversity of Ma¡ltoba
**Here"fter referreel, to as tbe A.M.S. vaLues
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YI = Percentage passing througþ the O.Z5ntm. si.eve

Ta = Aocr¡mulated. percentage passing through the o.!Omm. sj-eve

YU = Accr¡mulated percentage passing ührough the l.omm. sieve 
,,.:i,i:::,:

fd = Aeer¡mulated percentage passing through the 2.0nm. sj_eve :.:.:-.:

5. Bulk d.ensity measurements

lhe bulk denslties were d.etermlned by the method.

suggested by RusselL and Balcerek (49). Eaeh soil olod was ;'::;,,1,;;,',

': : :'.:,,.: 
,

suspend.ed. on a thread. anil after all loose Bartieles were re- 
1.,,'.¡;,......,i

moved., the elocl was weighed, and. immersod. Ín melted. paraffln
(at 6o0r). Th.e cloil was removed from th.e paraffin, al]-owecl 

]

to cool and. weighecl again to iletermine the weight of the
'paraffin coat. The voluno of the paraffin coat was then d.e- 
I

ter"mlned by multiplying the weight of Baraffin by 0.9, the 
lspecific gravity of paraffin. Each sofl cloil was imrnersed 
l

in water and weighed. againn fhe d.ifference between the
weight of the soil cLod. ¡r1us paraffin whiLe lmmersed. j.n water
and the orlginar weight of soil cloil Brus paraffin is equi- 

::::,i:¡,i,ri,:
:':t:valent to the volume of cLod' and paraffin. The vor.une of the 

.,,,,.,,,,,,r,,.paraffln determined. previously was then subüracted to give i.Ì,i',,'?'''':,,

the volrrme of the soÍl cl-od. alone. rach soil clod. was then
broken oBen and samples taken for moisture content d.etermina-

,'¡.t,: :i,;:;:'¡:tion (oven öried. at 110oC)', The bulk density value was ,.',l.'r,:,..,.:

calculated. by divíðíng the weight of the oven d.ry soil clod.

by the volu¡re of the soil clod..



IV. RESUTTS "Aiì{D ÐTSCUSSTON

A. THE TF'FECT OT' BÁRN I\IANURE ON SOTL SM.UTTURE (ruæMrMrNT 6d)

Trlet-sÍeving d.ata for Experiment 66 are summarizecl in
fable ï. fhe analysis of vari.ance of these data (ra¡re rr)
ind.icate that the oomponents that show significant ilifferences
(p = ,05) are treatments, sarapling itepÈhs, and. samBling

ilate x treatment. However, whon ühe mean square for treat-
ments is tested. against the mean square due to ühe interaction
the resultlng F value ls 1.19. sj.noe this Ï value is smaller

tlran the Ilmit ro.o5(4r4¡ = 6Õ9, the cllfferences between

troatments are not significant and therefore much of the

varíability in treatments is due to interactlon.
this interaction becomes more apparent when the å,.M. s.

val-ues for the 0-6 incb depth, 1n Table r are exa¡ained. Íhe

data for the 0-6 ínch depth shows that the treatnents did not
maÍntain the same relative positions for the two sampling

d.ates, Tor exam.ple, in 19|,6 the a,M.s. values for the fo, zo,
and. J0 ton rates l'¡ere 1.6d, 1.d1, and. r.69, respectively. rn
other worils, 1n 1956 the lower rates of barn manuJie resulted
in better sol-l aggregatíon. However, when the data for ]]Jf
are s¡emilrefl, the reLative positions of the treated plots are

reversed. and. the treatments aro not slgnificantly d.ifferent.
It would appear that the sa¡ne beneficial- effect was obtaj.neci

from the lower rate (10 tons) as was obtained. from the higþer
rates ( 20 or 5O tons), Sinilarly, resuLts reportecl by

: r ,:iir
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Ifelnonen (e6) show that inereaslng the ap¡rJ.ioaüLon rate of
organlc nstter-hacl a hlebl-y beneficial effect on the aggrega-

Èion of elay soils up to a aertain organlo oontent, beyond.

whieh the effeet wag suall. It ls aLso lmportant to note that
ùhe oheek prots did not malntaln the sane relatlve posltloa
for the two sau.pllng dlates. Oae eoukl conclucle that tbe

aggregatLon of ühe treateð prots lvere approximately the same,

but they were betüer aggregaterit than the oheok pLoüs. The

ôLffereaoe between ühe 1956 and. LlJl d,ata ooaLô have been dtue

fo seasonaL varlations or error ln sanpring. strnilar stucp.es

reportecl by Alcterfer ( e) ancl Row1es (,lf-É) show that seasonal

d.ifferences ln solL eggregation were as great as or greater

ühan the effeot of the varlous soil. treatments. In ad.dltlon,
Rowres (4d) reportecl that varl,ations r.n aggregatf.on among

several sanFle sltes on the sane plot were as hlgh as a4 per_

oent.

flre varlance, shown for sampllng depths in fable II
is a].so slgalficaat. fab1e I shours ühat the A.M.S. values

for the 5-6 Lneb, elepth are eonsistently hlgher than ühose for
the o-J lach d.epth. rn generar, one woulcl. expeot thaË the

solL aggregates 1¡r the 0-J lneb layer are subJeeted to the
clestruotLve aotioa of t1lIage lmplements ancl ellmafi,o cond,i-

tlons sueh as wlnd,, raln, andl frost, more often than th,e

soll aggregates ln the 3-6 ínc]n layer. slnilar flncllngs have

been reported, by MoEenry anet Ì{ewell ßTl , RusselL É al. (5a),

anct llfooeiruff ( 71) . ,{ííñ' ñà
o r,rt*^*"
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fbe bulk density data for Experiment 66 are sunnarLzed.

ln Tab1e III. An analysÍs of varlanoe of these d.ata ( fabfe fV)
shows that there are slgnlfieaat (p = .05) cHfferenoes in
buLk denslty vaLues a&ong treatments.

the dlata for the 0-6 lnoh deptb, 1n Tab1e III laôloates
. that the burk deasity varue for prot !, reoelvlng ro tons of

barn manure, was slgnlfleantly rower than those for the

renainlag pLots andl that the val,ues for the remal-ning BJ.ots

were not signlfleantly dtfferent. fn other worels¡ tbe sslL
of übe plot receiving the Lowest rate of bara uanure badl the

Bost favsurable buJ.k d,ensity anct thus the most favor¡.rab1e soll
gtruoture.

fhe reason for th.e assooiatlon of the most favourabLe

buLk denslty wlüh the lower rate le dlffieurü to erprafue,.

One possible reaEon Ls ühat the sampllag prooeclure was

S.nadlequate andl that th.e vaLues obtaLned. dlcl not shoïr the true
eond.ltfon of the soll. A review of bulk denslty stuclles

reveaLs thaË Bertra¡r.son (7) , experiu.enting with a fÍ¡e text-
ured. soll was not abLe to detect slgniflcant ehanges ln bulk

'cleaslty on pLots where varl.ou,s rates of barn manure hacl been

applled orer a periocl. of years.

B. FrTN gIçlg0f OT' GROP ROTATTONS AATD BARN MÄM'NS ON SOIL

sÍRucTURs (memnrnur 70)

1o Crop rotatlsns
TVet-sLevlng data for Range 26 (non-manured) of r'rtrrerl-

nent f0 are sunmarlzod, in fabLe V sn page l$6. llre ana].ysls



,ÍIABI.E III
BULK ÐEXSI tg VAT,IIE¡ FOB TIIE VåRIOUS BARN IfAI\TURE

ÍREA$MNIB OF ÐFERT[ffi\Ttr 66

- L.S.D. (P ¡¡ .05) for the bu]-k denslty valrres at the
0-6 tnch tiepth ls 0.0!.

47

Plot

No.

lbeatment

( tonsþe. )

Bulk Denslty Val-ues

Average of 1 values
et

Åverage of 6 values

O-t lnch 7-6 lnoh lnoh (O-5 and 5

5

6

é

10

11

10

None

20

50

None

1,06

1.2L

1.L6

1.19

r.Ld

L,)ö

r"17

1.14

1.L6

L,16

1.10

1.19

1.15

1.19

L.u
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of varianee of these d.aüa ( Table t/lt on page 47) shows that the
crop rotation systems are significantly d.ifferent (p = .05).

lhe d'ata in Table v tndioate that the type of crop
rotation system haci. a marked effect on the A.xfos. value of
eaoh plot. For example, the oontinuous wheat, ühe four_year,
the three-yearr and the two-year rotations have $..[4.. s. va]_ues
of L,83, 1.71, 1.46, ancl 1.51, respectlvery" rt oan be seen
that the greater the 'nl¡nber of falloïy years Ln a crop rotai
tion system the lower the A.M.s. value and. conseqrrently the
Boorer the solI aggregatíon. The two_year rotaËion and. the
continu,or¡s corn cropplng system have approrimately the same

soi]. aggregation, the .A..M.S. values being f.51 for the former
and 1.4! for the latter.

The stead.y d.ecline in soir- aggregatÍon with increased.
fa110w, in the fall0w-graln rotation, 1s probably due to both
the destruction of soÍI aggregates ancl the loss of organic
matter. The destruction of soll aggregates in the fallow
year may be causecl by tillage lmplero.ents or by exposr:re of
the 'soil surface to suoh climatf c forces as wlnd, rain, or
frost. conversely, the more favourable aggregatlon of the
four-year rotation anä the contlnuous wheat cropping system
may be attrlbutetl üo the retrrrn of organic natter to the soil
(1n for"n of straw, stubble, and roots) and a].so because they
recei'ved' less tirlage and, were protected from the cllmatio
forces for a greater portion of üheir rotation cyole. sixlil_
ar ftrndings have been reporteô by Russell et aI. li¡l) and.
Tliood.ruff (Zf ).

:l:.:i:ll

': :.:.1 :?l

i1.r:, r ;;
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A. M. S. VÁITIES. I,OR IHE VåRIOUS CROP BOEATTON ËYSrE¡fiS
rrf RANcü 26 ( No¡u-[r¿$ünÐ) or ÐprRTMEr,Tn 7g

Crop rotatlon systens

trlreat oontlnuous

Four-year roüatlon

Three-year roüatlou,

f1flo-year rotaÈ1on

Oorn eontlnuous

A.M. S. Values
(ave. of 4 sub-samB1es)

1. d'

1.71

1.5d

r.51

l,.ltg

L0

6

4

L

11

L.s.D. (P = .05) = o.o5
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2. Crop rotation and barn manure interaction
Wet-sieving d.ata for Ranges 26 and- ZT (non-manr¡red

and manured. ranges, respectively) of kperiment f0 are 
:::,¡

sunmarized in Table lrrl. An analysis of variance of these ;:::r',i:.

d.ata (taote Ïlltff) shows that the componeats that have signi-
ficant (P = "05) F values are crop rotation systems, barn 

,,,,,.,,
nanure treatments, and. crop rotatlon X barn manure treatmento ,,,r1,.,;,r.

..:::t::

ïlowever, ff the mean squares for crop rotatj-ons and. barn 
,,,,,,1.',,.,.i . t ,.,..

manure treatments are tested. against the mean square for
theír i.nteraction the resulting F values are r.Tj and. 2.0f ,
respectiveLy. A comparison of these F values with their ,

,

respective llnits 30 .O5(5 r3) = ).p8 and. l'g.05(tr3) = l0.I0r
lnilicaËes that there are no slgnifioant d.lfferences among the , ,

crop rotation systoms anil the barn manure üreatments ancl i

therefore, much of the variabilÍty ln each of these components

is ilue to the lnterastlon.
The sígaificant interaction o,f crop rotation with barn ,:,:.,,,,i

manure treatnent is apparent Ín Table VII. The data show that 
'X¡i.,,-,,

the magnitud-e of the AoM. s. values was infLuenced by both the ''':"""

type of rotation system and. the applÍcation of barn manureo

ForexemP1e,the.A"M.S.va1uesforthe[o[-lI1.B'Il1J'red'p1ots
i;.i..',,r.under the two year, three-year, four-year, a¡rct continuous r:::,i::ì:.-

wheat rotations, were 1.5f, 1.56, 1.T0, and. L.é3, resBectlvely.
Thus, soil aggregation of the non-manured. plots increased as

ühe number of fallow years in the rotatÍonal oropping system

ctecreasecl. IIowever, the -A..M.s. values for the manured. plots, ,-,,,,,,,.,,,

show that the effect of barn manure on soil aggregatlon, was
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raBl"E rfi
A.tr¡[.S. VÁ.LIIffi I-,OR rffi VåRIOUS CEOP ROTASION SffirE$rSI¡[ RANGES 26 AI\TD 27 (TVOS-U¿¡üUNEO 4ND MANI'RED

RANffiS, RffiPSCMTEIY) OT' Ð(PERTMEITT 70

0roB rotatlon system

fluo-year rotation

Three-year rotatlon

Tour-year rotatlon

ïlheat aoatlnuous

t.SoDo (P = .05) = 0,16

4.trfi. S.Va]-ueg
('4çe. of four
sub-sanples)

1.51

1.69

1.56

1.62

1.70

1.70

L.6'

l.g2

None

2.0

None

2.7

None

5,O

None

4.0

Ferti.lf zer treatnents
(tons/ae. of
barn hanr¡¡e)
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5r
mose app€Lrent where the oroBplng system had a blgher nr¡mber

of farroïu years. For exampler the å..M.s. varue for Ëhe two-
year rotatlon, lnoreased. slgniftcantry from l.5r to r.d$;
whereasr the three-year rotatlon Lncreasecl (but not slgnlfl_
canüly) from 1.5d to L.6P anit ühe ¡ssxr-f,€er rotatlon renainecl

unehanged wlth an Â.M.S. value of I.70. ft is trnFortant to
aote, that tbe effeeÈ of fallow in the rotatl.saar eropplng
systen, was aBpareat ln ühe manr¡recl as wer]. as the non-

manured plsts; andt al-so, that th.e eomblnatlon sf a non-farlow
eropplng systm, wlth a hlgh apprloatlon rate of barn manuro

resu.ltedl ln a hf & A.M. S. vaLue for the oontinuous wheat B1où.

f|he effect of faLlow ln the eropplng sysüen was díg-
oussed prevlously uncler Orop Rotatlons. Eoweverr êrr]r expJ.ana-

ülsn of the effeot of Èhe LnteraoüLoa (eroB rotatisn x ba¡a
manure treatment) ls eJ.osely reLaÈed to the expranatlsn of
the effeet of fallow on soiL aggregation. probably, the hlgþ
frequenoy of faLlow in the f,çs-y€å:r rotation sysüera, hael,

d.estroyecl nany of the sstL aggregaües ancl muah of the organlo

matüer. Íhus, tbe f.mprovement in soiL aggregation resu.J.ting

from the applleatLon of barn Eanure Ìvas very notleeaþle. Ere

appJ.loatLon of barn taanure üo the Ëhree-year aacl. four-year
rstations cticl not iaorease soil aggnegatloa apBreelabry
'beeauge thesE rotatlon systems, having a lower frequeney of,

faIIow, mafatainerl soil aggregatlon and. orga:lle maÈËer ooa-

tent aü a hlgþer lever than that of the two-year rotatisn.
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Bulk density ilata for Ranges 26 and ZJ of Erperiment

70 are sunmarizeð in Append.ix 1, on page d2. .A¡ analysÍs of
varianoe for these data (ra¡le rx) indlcates that the treat-
ments are not signlficant. The failure to detect any

appreciable d.ifferences anong the treatments suggests that
either the treatments were not signlficantly different or

the method of iletermíning bulk density was lnad.equate to
measure them.

co EEIE tr'r5cT OF CROP ROTâTÏ0\TS, rtlr.Affi -AI{D CROP RSSIDI'E

MAtüAGmÍm[T pRAC5]tffiS, ÀND flffi,rfl,rzER TREATî,48N6 ON SOrt

sÍnrÏcfrlRE (ffiPffirM:ENT 70-A)

1. Hay oroBs ancl erop rotatlons
ïIet-sieviag d.ata for the hay-grain rotatlon of Experi-

ment 70-A are stunmarized ín å.ppendix 2, on page ó3. ftre

analysís of varianoe of these clata ( raute x) shows that the

T values for the hay crops, rotation yearsr End thelr inüer-
action are signiflcnnt (P = .05). However, when the mean

squares for hay orops and rotatlon years are testeit against

the mean square clue to the lnteraction the resultlng F values

are 2.75 ancl !,24, respecti.vely. A comparison of th.ese values

with their respective limits 30 ,O5(ZrZl = 19.00 s:rÕ

FO.O5(f re) = ld.5I, reveals tb.at there are no significant
d.ifferences among the hay crops nor between the rotation years

and therefore much of the variabirity ín each j.s äue to the

interactiorl.
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2. Hay crop and crop rotation interaction
This interaction can be readily seen in Table E

where in every case the A.M.S. value for rotation yeæ 5 was i,,i,

significantly greater than that for rotatÍon year 6, but the

a.mount that eaoh A.M. S, val-ue increased. was d.ependent upon

the type of hay eropr fn rotation year J, for example, the ,,,,

$..M.S. val-ues for the alfaLfa-grass, grass, and alfal-fa ':i'

plots were 1.94, 1.d6, and. I.65, respectively. The major

effect on soíl aggregation occurred. where there was grass.

However, most of this effect had d.lsappeared by rotation
year 6, I'or exarnple, the A.M.s. values of L.66, 1.61, and.

1.!f for the aLfalfa-grass, grass, and aLfal-fa plots

respectively, were approxlmately the same, only the A.I¡I.S.

values for the alfalfa-gfass and. aLfalfa plots were signi-
ficantly d.Ífferént. Thus durlng the hay crop years of the

hay-grain rotation the plots containing grass had. consid.er-

ably better soil aggregatÍon than the aLfalfa pIot. Much of
the aggregatÍon of the grass plots had. d.isappeared. at the

completfon of rotation year 6, and. the three hay plots had.

approxlmately the sane soi-l- aggregationo rt shourd be noted.

that in both rotatlon years 3 and 6 the effect of alfaLfa-
gfass mlxturer orr soll aggregation was greater than the

effect of grass aLone.

The higher degree of aggregation prod.uceil by ühe

meaclow fescue-tinothy mixtr.re as compared to that of a]falfa
may be attributeil to the inherently d.ifferenü root systems
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IABT..E E

1.94

L.66

1.66

r-.6r.

1.65

L.5T

A.[f.S. V-LI;T'ES OF THE.VåRIOTÍS EAf, CROPS FOR ROTAITONyuaRg t "åNÐ 6 ¿g mæ o-6 rucm oæm

Eay eroB A.M. S. values

Alfa1fa r GrassesÛ

erasseEt

Alfalfa

Rotatlon year

L.S.D. (P = .05) =
Grasses are Meadow

0.07
fesoue antl Tinothy
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of thesa plants. Th,e grasses have a fibrous ::oot system eon-

slstlng of many LateraL roots spread.ing througbouü the eoLlo

Ílbe alfarfa has one maln taB root with only a few laterar
roots. [lre binôing, eosrpresslng, andl. separatlng aetLons of
roots, whleh ls lnportant for soll aggregate fornation,
would, be nra,oh greater ln the @ase of grass than aLfalfa.
However, beoause alfal-fa is able üo flx nltrogen from the

atmosphere l.t 1s of great lnBortanee ln grass - alfalfa
nÍxtures. ftre utllfzaü1on of ühis flxed nitrogen by the

gtra,sses greatly sËlmulates growth ancl consequently the

foraatloa of solL aggregates. lflllson ancl Brownfng (6?)

reported. that alfcilfa 1s less effeetive than girass for Lm-

proving eoll aggregatlon, but the nLxtr:¡e of grass ancl

alfalfa was the most effeetive.
In roùatlsn year J the øo11 aggregatioa of Ëbe hay

ploüsr partleularly the grass Blots was favourable. However,

ln rotatlon 6 soiL aggregation had d.eo].lned. &is cleollne

may be attrlbuÈed üo the break <lswn of the soiL aggregates

by tlJ.J.age inplemenüs anc[ suoh crinatle foroes as windl., raf-n,

ancl. frost. tluring the fall-sw and. wheat oroB years.

3. SampJ.lng depths (hay-graln rotatfon)
lhe analysls of varlanoe of the ðata for the hay-

EFatn rotatLon (SaU:.e 4on Þage 54) lndleaües that the var-
ianees for sanpling depths, hay eroBs, antl thelr interaotf.o¡¡

are sf.gnlftoant (p = .05). But, when the mean square for
ssnFllng tlepths and hay crops are tested agaf.nst the mean

l. r'



56

square for thls interactioa the resulting T values are D6.gg

and l-3.6+, respectively. A comparison of these val-ues with
their respective lÍmit" F..g5(tre) = 16.51 and F0.05(rr?l =

19.00 inilicaües that the difference between sampllng d.eBths

is significant regarclless of the hay orops and that much of
the varj.abiltty a$.ong hay croBs is d.ue to the interaotÍono

Table ICII shows that the AoX[. S. values for the 0-J

inch cleBth are consj.stentry lower than those for the J-6
inch depth, regard.less of the type of hay crop. this differ-
ence may' .be aütributed. to ühe destruoüion of the aggregates

in the surface layer of soil by such factors as tillage and.

clLmate.

4" Hay crops and. sampling d.epths interaction
[he interaction between hay croBs anil sarnpling d.epths

1s apparent when TabLe lür 1s exanined.. rt shows that the
effect of the three types of hay crops on soil aggregaüion

at the 0-J and J-6 inch depths were d.ifferent. Tor exanpler

at ühe o-J inch depth the A.M.s. values for the alfarfa-
grass, grass, and alfalfa plots were I.69, 1.64, ancl 1.42,

respectively; but, ât t]ne J-6 inch depth the 3..M.S. values

for the sÊüe plots were 1.9f , f.d5, and L.75, Ttre alfaLfa-
grass and grass plots maintained. soÍl aggregatfon of the sì.ü-

faoe layer rc-1 ineh) at approxlmately the sarne levelo Ílhe

soil aggregation fn the alfaLfa plot was significantly lower
than that ln the grass or grass-alfalfa plots. 4.t the J;6
inch depth, however, the three types of hay plots had.

significantly different Levels of soil aggregation.

tl:, | .t ,
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TABI.E EI
å.trE.S. VåTUES OF ryF¡: VåRTOTTS TTAY CROPS
I'oR-flIIE ooIÂBINIÐ RoÎ.åT[OI{ rEitRS 

' 
.A}TD

6 ¿,r mE o-5 *lio 5-6 rr{on ngp-rug

Hay crop A.M.S. values

L,69

l.9r

1.64

L.é'

1.47

L,T5

ALfalfa '¡ erassesÛ

erassest

A].falfa

De¡rth (lnches)

o-5

3-6

o-t

5-6

o-,

,-6

L.s.Do (P 
=

tcr""""u a.re

.05) = 0.07

Meadtow fescue aacl fi.nothy
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ïtre clestructlon of so1l aggregates with.ln the surface

layer (O-, ineh) by such forces as tillage implements, wind.,

raÍ.n, or frost anil the lmportance of grasses in the formation

of aggregates has been d.lscussecl. Ilowever, the interaction
betwoen the tyBe of hay crop and. sanplÍng Oepth, in Table ICII

shows that at the 0-J inch d.epth, where the soil 1s subjectecl

to the d.estrucûive forees of tillage and. climate, the grasses

maintalned soil aggregatlon at a much higher level ühan did

the alfal-fa. At tine J-6 lnch d.epth, the d.estructive foroes

whioh break d.own so1l aggregates are consid.erably red.uced,

and. the infruence of the type of vegetatlon is not so obvÍouso

5, Rotatlon years ancL samp1lng d.epths interactÍon
The variance shown for the interactíon of rotation

years with sanpling d.epths, in Table X (on page 54) is al-so

signlficant (p = .05). Consequently the mean square for
sampllng depths is testecl against the mean square for this
interaotion.. A eomparison of the resulting Î value of 16.60

with its respective linit TO.O5(Ir1) = 16I.00 Íailicates that
an lnteraction occurred. between rotatlon years and. sampling

d.epths.

Th.ese clata shown in Tab]e ICITI, ind.icates that the
AoMos. values for the 0-J and J-6 inoh depths of rotatlon
year 6 were significantly lower than those for the correspond.-

ing depths of rotation year J. Eowever, this d.ecrease Ln

A.M.s. value was greater for the 0-J inch depth than for the

3-6 incln ilepth. 3or exempler the Á..M.S. values aü the O-3
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.A..M.s. v4T,u3,5 03 'rqB conrBINED HAr CRoF
f'oR RorA,TfoN yu4as 6 ¿¡rg , ar ffiEo-, arTÐ 5-6 rucn ¡me-s,s

.: :::.:Rotation year

f,.S.D. (P = .05) = 0.06

Depth (tncnes)

o-5

5-6

Q-5

5-6

1.47

L.76

t.T5

1.90

6r

11'Y.3:{¡ 1.:1
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inch d.epth were 1.47 and. I,fJ for rotation years 6 úd 3,

respectively; while Ëhe A.M.S. values at the 3-6 inch d.epth

were I.76 ancl lo!0 for rotation years 6 and J. Thus the

fallow and. wheat years (1.e. years 4, 5, and 6 of the hay-

grain rotation), which fol-loweil the hay years, appreciably

red.uced. solL aggregation at both the O-5 and J-6 inch d.epths.

nre 0-5 inch depth, however, showed. the greate_st d.eeline in
soil aggregatÍon. In rotation year J the solL aggregation

at li,ine J-6 inch d.epüh was sfgnificantly greater than at the

O-3 j.nch d.epth, even though the Blots hacl been in hay for
two years.

fhe deþI1ne fn soil aggregation during the wheat years

was probably due to the break down of soil aggregates by

ti]-lage implements a¡d. climatic forces. fil general, one

would exBect that thís ilecline wou]-d be greater in the süT-

face soil- (0-5 inch) than in the soil ai tine J-6 inch depth,

since these destructive forces are nore active near the sur-

faoe, fhe dlfferenee in aggregatlon between the 0-3 and. J-6
inch depths of rotation year J (i.e. at the conclusion of the

hay years) may be attributeil to two facüors. First1y, the

d.estructíon of the surface soiJ- by climatic forces oocurred.

in splte of the proteotion provided by the alfal-fa or grass

cropso Secondl5 since soil- aggregatlon in the 0-J inch

was redueed. to such a lor,r level during the faLlow and. wheat

years, fhe tr,vo years of hay hacl not been sufficient to improve

': ..r.,4
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:., aggregation of the surface soil to a level equal to that of

the soil at the 3-6 inch d.epth.

6. SertiLizer treatments (hay-grain rotation)
j ':'' " 'l 

:':'"

I nre anal-ysis of variance of the d.ata f or the hay- ,¡-,.',,,',,,i,'

r gr¡ain rotation (Table X, on page 54) shows that the variances

for fertíLizer treatraents and. interaction of hay crop with
' :.... ...
I fertilizer treatment are slgnificant (P = .05). tr1ihen the ,i..'.'' ,

i'':'r::..i::::-.:

: Iltean square for fertil-izer treatments ls tested. against the .. . .

l -t tt'
I --I nean square for thls i-nteractlon the resulting I' value ls i::i;:::r;:'':i:'

z'.98o A comparíson of this val-ue with the Linit I'0.05(lr2))t
l

I - 1d.51, ind.icates that the fertilizer treatments are signi- 
'. - ¿v. )L t ¿¿¡s¿vq,esÞ uucle u¡lq ¿9r !,J.IJ-¡áV¡ U¡ v<f.ULü(iIIUp ¡al-qt Þ¿ö¡f¿-

á: ^^-! ---å !1^^ ^l!ãã^-- î^ ^r------- rt-r rrcanf and the difference betweea these treatments is not
'

i due to the interaction alone.**9 U(J trtlg IJ.¡lr('J.'Ët|J t/IL¡II fl.Ll)Iltte

. ::

, fre A.1¡I.S. values in TabLe IfIII reveal that the applica- 
I

i tion of anmonium phosphate (ff-4S-O) at 45 fts. per acre hail ',

oonsid.erably improved soil aggregationo flrís improvement was

greater on the grass pl-ots than on the atfal_fa plot. It ;.,,:_,,.,.,..
' ..'..''.''.' '. ':

&ì^^! ¿l-- ---^a ! ^ r!,, 1ppoars that the application of ammonluu phosphate resulted. :¡,:ì¡;,.',,.,,'
-i: .. -:.;.:.in greater root production anil consequently improvecl soil 1'',,''.,:',r

:

aggregation. Similar findings have been reporûecl by Bavor (l]).

7. Tillage and crop resiðue management practiloes and. :

i.'rì illl-
í.11È:i. 1 

'':samp1lng deBths i:.¡;$i
ï[et-sfeving data for the fa]_1ow-grain rotation of

Experiment 7O-A are sururarized. Ín Appendix jr or page 6.lt.

The analysis of variance of these data (tanfe :Cf) shows that .

the management practices, sampllng d.eBths, âflil thetr inter- ,:,ì,.:,,:,ì,,,,,¡,t.1::_".: :.: :..-: , r
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EIIBI;E E]T

A.M.s. varuEü å.T THE g-6 rNcH DæITI FoR EIE
VÁRIOT]]S EAT Gts,O3Ei OF fEE Effi,TEIJZED .AND

cfficK Prß1ts oF HCPERIndm{r 7A-A

Hay erop A.![. S. values

Alfalfa + Grassest 1.90

erassest

.{]-fa1fa

FerËl11zed

Oheak

Ferülllzed

Oheok

Ferü1112eô

Oheok

1.69

1.60

r.66

L.67

\55

L.S.D. (P 
=

*Gr""s"s are

.05) = 0.0f

Mead.ow feseue and ftnotby
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actj-on have signífica¡t (P = .05) T values. IffTren the mean

squares for sampling d.epths a¡rd. management practÍces are

tested. against the mean square for theÍr interaction the rei
sulting I'values are 57.+6 and 4.15, respectlvely. A comparl-

son of these F vaLues with their respeoüive limitr Fo.o5(tr4¡

= T.fl and FO.OI(4,4¡ = 6Õ9 indicates that the sampliag

depths are still significant but the management practices

are not slgniflcanto

Table ãlt-I shows that the A.M.S. values for the 0-J

inch depth are oonslstentry lower than those for t]ne J-6 inch

d.epth, regarclless of the tillage or crop resid.ue management

praatlce. thís differenee could. be attributed. to the slow

break d.own of soil aggregates Ín the surface layer by sueh

factors as t111age and cl-Lmaüe.

d. Tillage and. crop resid.ue management practiees and.

sampling depths interaction
since the management practices are not significant

mueh of the variabil-1ty amoag thern must be ilue to an inter-
action. flrís ínteraction is apparent when Table X1/.I Ís
considered.o Tkre A.M.S. values show that the soils at the

O-3 and. J-6 lnch d.epths were affectecl d.ifferently by üre

various tillage and. orop resÍd.ue management practiees. Tor
example, a comBarison of plots 4, 5, an¿ 6 inclicates that at
the 0-J lnch depth ühe A.M.s. values for the plowed., illscecl,

anil cultivatecl p]-ots were 1.4Ð, 1.16, 1.50, respectively¡
while at tine J-6 inch depth the A.M.S. val-ues for the sane
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rÁ3r,8 xtrt...) -,"-:' A.M.s. va.ruul+T.ry 9:3 j{p ã:6*IIgs.-DEpEr,s FoR ffiE
VåRTOUS TTIJ.AGE A}TD úç,OP Rtr$TÐUE ![,AI\TAGB[ENT, IR.ACSITES OT' $M COTfiBTNtr} r'ffiîrrTJ@. SND CffiCK HTOES

P].ot Orop resLclue
management praetloe

Ðenth
( ln-cnes)

a.M. s.
values

4

5

6

7

6

Plow under Etubble

Ð1so straw and. stubble

Leave trash oultfvate

Br¡rn straw
vate

stubbLe euLtl-

Plow undler stubble, straw,
anrt alfalfa

o-3

3-6
o-3

1-6
o-3

5-6

o-7

3-6

o-5

t-6

L.l{o

r.74

L.16

L.76

1,50

L.g5

1.ld
L,7T

1.61

L"g5

!.s.D. (p = .05) = o.1o

67
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plots were I.74, 1.76, and. 1.d5. If the cultívated plot ls
used as a standaril for comparison the state of aggregatlon

of the surface soil (O-5 inches) was consid.erably 1ower on

the disced plot and sligþtly lower on the plowed. plot.
However, dt the 3-6 inch depth there was a smaller range in
soil aggregation of the ilisced, plowed.r âil.d. eultivated.
plots.

Aggregation of the cultivated. plot was better than

that of either the disoecl or plowed. plots, probably beoause

the soil had. been purverlzed. very little and the trash cover

had protected. the surfaoe soil against such destructive
forces as wincl and. rain. The markect illfferenee in aggrega-

tion between the 0-J and. t-6 inch depths of the iLisced. plot
inilicates that the dlsclng implement pulverized the surface

soll consid.erably, but hacl a less d.etrimental effect on the

soíI at the J-6 inch d.epth. fhe d.ata for the plowed. plots

suggests that the soil- wÍthin the O-J and, J-6 inch depths

had been eÍther moderately pulverizecl. or partty mixecl by the "li'

plowing implement. ff the latter process hacl occurred, then ltl-
Bart of the pulverizeil surface soil could. have been mlxeil with
the better aggregated soll from t]ne J-6 inch d.eBth, thereby
fmproving aggregation at the 0-J lnch depth and lowerÍng it : :,,::,

:';ì:rii:iat th,e J-6 ineh depth.

The data for plots 6 and 7 presented. tn Tabte x\rr show

that burning the straw anä stubble greatly d.ecreased the A.M. so

values at the 0-J inch d.epth but did not slgnlfÍcantly affect



69

them at the 5-6 inoh d.epth. For exariple, the -A.nË. S. val ues

at the O-3 inch depth for the trash covereil. anil burned plots
were 1.10 anil 1.1d, respective]y, while the A.M.S. values at

i tine J-6 inch depth for the s@me plots $rere f.d5 a¡d. 1"77.

These data ind.lcate that the ürash cover may have acted, as a
protective layer against such ilestructive forcês:râs wind'or
rain.

A comparison of d.ata for plots 4 and. ó in Table X\If
(on page 6J) Ínilicates Èhat plowing und.er straw and alfalfa
increased. the A.M.S. values at both the 0-J and, J-6 inch

d'epths.Toi11ustrate,theA.M.s.valuesatthe0-J1nch
depth for plots 4 and 6 were L.4O and. 1.61, respectiveLlr 

l

l

while the A.M.s. val-ues at the 3-6 incin depth for the same 
:

p1otsWereI.7\and.1.$!.T}risimprovement1nsoílaggrega-
tion may be attrÍbuted to both the alfalfa and the strawo

However, aocord.ing to the ]iterature the former contributes
much more to soi]. aggregation than the latter. For 

.'...,:,,,:¡,,.r,

exa.nple, Browning anil lviÍlam (9) reported that alfaLfa 
,....:,i.,.,,,

plowed under lmproved. soil aggregation appreciably as '.:,r.r:¡'tr"

''..compareÖ with straw pLowed. under. Al-so, 'dloodruff (Tl)

found that sweet clover plowed under increased soil 
. ....,,.,

aggregation over that of a check. '-.'.,Ë;i

9. Fertilizer treatments (fatlow-grain rotation)
llle analysi-s of varj-ance of the d.ata for the fallow-

grain rotation (Table Xf, on page 66) also ind.icate that



7o
l

' the variances for fertilizer treatrnents and the interaction
of management practice with tertiLLzer treatrnent are

,'ì significant (p = .05) . However, since the mean square d.ue |:i,.,:i,.,:ì :: :. :_:

to the interaction was significantr the mean square for
fertil-izer treatments is tested against iü. Since the

t,,.; resulting I' value of 2J.26 is considerabl¡r greater than the ,:;,;,,-,:1,1-:
:r 

ini* .fir- - lr )r\ Í, Ít1 ¡1-^ -r.ãâ--, :'.i"ltiì',.. limit Í0.05(f 14¡ E! 7.71 the difference between fertiLizer : ::,.
t-^-4------r

-:ii:;::.::::,,,, treatments is significant. ,.::::.:.i:j.::,.:ii: 
', 

. ...

I Table l(\ruT reveal-s that the applÍcation of ammonium
t l-- IrJ ^l - l,-, phosphate (ff-46-O) at 45 fbs. per acre increased. aggrega- ,

: 
- *õÞ-"õq_ 

:

Ì tion regard.less of the maaagement practi-ce. I{owever, the il

. Ã.i Lrata al-so ind.icates tha-t the rnagnitud.e of this increase in
i 

¿sv¿ vqpv .L¡¿ 
,

]I aggregation varies with the type of management practice. 
,
:

i For examFle, in plot f where all the residues had been re- ,

noved by burning, the A.nÂ.s. val-ue was increased from l.4l+
t,

,,, to I.JZ (not significant) ¡y trre application of fertilizer. :::.:..,,,,,i,
.:i :;. ; 

:,:,:,

l ln the remaining plots, where the different Ëypes of resi- ,.,,...'.
:r 

l--5 L-- 

"'ìt:t:t:':¡:.t1r.t dues had. been returned to the soÍl, the A.If.ñ. values for ;....,:1.Ì'','

plots 4, 5, 6, and. d wore significantly íncreased by the
,, application of fertilízer. fn other words, the lncrease in :

;::rì:i:: li!rìj:]iì:ì:i soil aggregatÍon, resulting from the application of a$monium isi

phosphate (ff-46-O) was more aBparent on those plots where

' the largest aÍÌount of croB residues had. been returneä to the
soil.
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TABTB XrII
a.!fos. våI,uBs AT 'r'HE o-6 rNcg Imffi FoR rITE

V4RTOUS SIIJ"AGE À}ID Tts,OP BrSrDr'B
¡IANACEME¡üT PR.å.OTICES OF 'iqæ

EEBSTT.IZED AlfÐ CffiTE HIOfS
0F rKPmIMm[r 70-a

L.s.Ð. (n = .05¡ = o.lo

P].ot 6?oB resldlue
nanagement praetloe

FertlLizer
treatment

Á.M. S.
values

4

5

6

7

6

Plow uncler stubble

Dlec ln straw andl. stri.bble

Leave trash eover-eulüivate

Burn straw anrl stubble
eulÈlvate

Plow uader stubble, straw,
and, alfalfa

Fertlllzed
Cheek

Fertlllzed
Oheek

SertiLlzed

Cheek

Ferti.lf zecl

Oheck

Fertl].lzed

tlreok

L,63

1.50

1.51+

1.40

t"T5

1.60

L.52

1.¡+4

1.91

L.65
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fhe lmprovement in soil aggregation, resul_ting from

the application of ammot1.ir-rm phosphate fertil-izer could. have

been d.ue to lncreased. root and. foliage growth. The d.ecom-

position of this prant material when returned. to the soil
may have indirectly improved. soil aggregation. sinilar con-

cl-uslons were roported by Baver ()f).

:l
r.',1
r:;l



V. SUfuI\CARY AITD CONCTUSTONS

Experlments have been carui-ed. on in the soil scienoe
Ï'ertil-fty I'1e1d. for many years to study the effects of barn

',1 manure and. ar:moniu¡n. phosphate fertil-Ízers, crop rotations,
tillage and crop residue managenent practices on crop
yields, rn L956 a laboratory stud.y was Ínltiated to deter-
mine if the above treatments and pracüices had any effect
on soil structure.

To evaLuate the structrral status of the clay soil
it was decided. to measure soil bulk d.ensity by the paraffin-
innrersion Ëeohnique and soil aggregation by the wet-sievlng
method.. Ïn oriler to characterlze the whole síze-d.istributÍon
of aggregates (obtalned by wet-sievirg) in one single reBre-
sentative figure the arÍtlunetie mean-size values were

calcul-atecL.

CONCI,USIONS

1. In the fertilizaËion of a clay soil i_t was innaterial
whether 10r 2or 30 tons Ber acre of barn manure was applted, :-,',',,,r:,

:.i,t:i;t::.,:tas the improvement was approximately the same fn each caseo :::::':

2o 3a11ow had a detrimental- effect on soil structure.

1. The beneficial effect of the apprication of barn manure

to soils und.er intense tillage operations was greater than
to soils receivÍng tess tillage.

4. The use 6f emmer¡ir.rm phosphate at 45 1bs. per acre improved

soil struoture, except where the croB resi-d.ues hail been

burnecl.
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5. Grasses as eompareel to'alfalfa maintainecl soil ia a

better structural eonditlon.

6. å. grass J aLfalfa mixture hair, a d.isüinct ad.vanËag€ over
grass ia lmprovlng solJ. struoture.

7. [he strueture of soil deteriorateð, parüicu]arry in the
surface layer when brought into erop prod.uction after two

years of hay.

d. Îfhe use of a eultivator was ress elet¡linentnl to soll
strueture than that of a plow or riH.Eo. Dlselng d.estroyeil

the struatr¡re eonsLcierably rnore than plowing.

9. rffhen eroB resld.ues were burned the strueture of the sur-
face solL was d,etrimentally affeetecl.
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"A.PPE¡üDIX 1

Bulk denslty
(ave. of
3 values)

0.96

t.06

1.09

L. 04

1"05

l.r0
L.L1

1.06

1.21

1.12

BUT,K ÐEIVSTTY VAI;T]ffi FOR UfE V¿RTOUS GROP
ROTÀTION SYSTB,TS IN R$TGES E6 ¿¡IÐ

27 05' EXPERTIÍENÎ 70

Crop rotation system

Two-year rotation

fhree-year rotation

Four-year rotation

lflheat eontinuous

Corn oontinuous

Oats contlnuous

Fertlllzer treatnents
(tons/ao. of
barn inanr¡re)

None

2.0

None

2.7

None

3.o

None

4.0

None

4.0
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ÁPPENDIN 2

A.ilf.S. VA].UES FOR ffiE TTAr-CfiATN ROTATION
0F HPERITfiENT 70-A

PLots Hay Crops

SsmF-
llng
deþths
Gnänes)

.4.M. S. values
_(4o"_. of 6 sub-gamFles)

ItotatLon Year a oa ear
6 3 6 3

1,11 Alfalfa o-5

1-6

1.46

1.65

l-.61+

t.75

L.55

L,66

1"IF5

1.74

2r10 Alfa].fa-Mead.sw
fesoue-Timothy
nlxture

o-,

5-6

L.65

1.65

t.95

2.L7

1.1{o

L.T5

1.76

1.66

319 Meaclow feseue-
llnothy mixtr¡re

o-3

3-6

t.59
l,7g

1. ó5

L.99

t.4l
L.65

L,T2

1.6é
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APPB\TÐIX 5

A.M.S. VÁIIIES r,oR ${E ISLIoW_GRAIN RoTAÍltoN
0F ÐsERrMWr 70_A

I

1

Plot El.Ilage and orop resL-
ðu,e management practlees

Saml¡]-ln9
cleoths

( tnõrres)

A.M. S. values
(ave.of 6 sub-samples
Ferüilized I Chesk

4 Plow uncler etubb].e o-5

3-6

t.\3
1.62

t.37

1.66

1.0d

l" 7l

5 Disc ln straw and stubbl,e o-3

1-6

L.2T

1.É1

6

7

Cultivate-leave trash
oover

o-3

3-6

L"5T

t,g3

t.)3
1.76

Burn off straw ancl.
stubble-oultlvaüe

o-5

,-6

r.26

I"T7

r.10

L.T7

d Plow uncl,er straw and.
alfaLfa

o-1

3-6

1.76

2.04

1"4'

1. d6


